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Preface 



Intravascular catheters are an integral part of the daily practice of 
medicine in the intensive care unit. As such, management of these catheters 
poses significant challenges to the practitioner. Vascular access is necessary 
in the intensive care setting, yet the devices themselves put patients at 
significant risk for infection. As hospital infection rates are increasingly used 
as a surrogate marker for measuring patient safety and quality healthcare, 
preventing catheter-related infection takes on added importance. 

It is the intent of this issue to provide the intensivist with a collection of 
reviews that detail a practical approach to the prevention and management of 
catheter-related infections and to highlight some of the recent advances in 
novel technologies and strategies to prevent infection. As patients require 
catheters for longer periods of time, the types of catheters that are being 
placed are changing. Although tunneled catheters are still frequently placed 
in patients who are known to require extended vascular access, peripherally 
inserted central catheters are rapidly becoming a reasonable alternative, both 
in the outpatient and the intensive care setting. When temporary central 
venous catheters are placed, often antibiotic or antiseptic-coated devices are 
used. Although they are more expensive to purchase, data supports an overall 
decrease in hospital cost when the price of extra hospital days for infection is 
factored into the equation. Last but not least, in some institutions, strategies 
based on educational interventions of critical care staff proved to be 
extremely efficacious at reducing infection rates and at least as cost-effective 
as the use of antimicrobial-coated devices, and with no fear about resistance 
acquisition. 

Given the changing types of catheters placed today, the epidemiology and 
pathogenesis of infection has also changed over the past ten years. Data 
regarding biofilms and the role they play in catheter infections take on added 
significance when coupled with the extended dwell times of catheters. 
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Finally, managing catheter infections in the intensive care unit has become 
increasingly challenging. Often it is not so simple to take out one catheter 
and replace it with a new one. Patients often have limited access, 
coagulopathies, or other anatomical and clinical considerations that preclude 
removing the central catheter. There are data to support leaving a catheter in 
place and treating through an infection in certain situations. 

We hope that this volume will provide the reader with insights into some 
of the most interesting and useful data in the field of catheter-related 
infection. We hope too that the strategies highlighted to prevent infection 
will he implemented and will have a measurable impact in decreasing rates 
of infection in the intensive care unit setting. We are very grateful to each of 
the contributors for the time and effort they have expended to make this a 
useful and exciting reference tool. We also appreciate Dr. Jordi Rello for the 
opportunity to prepare this volume in the Perspectives Series. Lastly, we 
would not have been able to complete this task without the exceptional 
editorial assistance from Ms. Jennifer Candotti, to whom we are most 
appreciative. 



Naomi P. O’Grady, M.D. 
Didier Pittet, M.D., M.S. 
Guest Editors 
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An Introduction to the Series 



Different models of intensive care medicine have been developed worldwide, 
involving surgeons, anesthetists, internists and critical care physicians. All 
intensive care departments of hospitals have in common, the highest incidence 
of antibiotic consumption, the highest incidence of nosocomial infections and 
are grouping community-acquired infections with high degrees of severity. 
Intensive care areas of hospitals have the largest number of infection 
outbreaks and require differentiated strategies of prevention. 

The specific characteristics of the involved population require differentiated 
approaches in diagnosis and therapy from those required in classical 
infectious problems. The specific pharmacodynamic conditions of patients 
requiring mechanical ventilation or continuous renal replacement, require 
participation of experts in pharmacology. 

The specific objective of this Series is to update therapeutic implications and 
discuss controversial topics in specific infectious problems involving 
critically iU patients. Each topic will be discussed by two authors 
representing the different management perspectives for these controversial 
and evolving topics. The Guest Editors, one from North America and one 
from Europe, have invited contributors to present the most recent findings and 
the specific infectious disease problems and management techniques for 
critically ill patients, from their perspective. 



Jordi Rello, M.D. 
Series Editor 




Chapter 1 

THE EPIDEMIOLOGY OF CATHETER- 
RELATED INFECTION IN THE CRITICALLY 
ILL 



Nasia Safdar, M.D., Leonard A. Mermel, D.O., Sc.M., 

Dennis G. Maki, M.D. 

Section of Infectious Diseases (NS, DGM), Department of Medicine, University of Wisconsin 
Medical School, Madison, Wisconsin, and the Division of Infectious Disease (LAM), the 
Rhode Island Hospital, Brown Medical School, Providence, Rhode Island 



Introduction 

Vascular access is one of the most essential features of modern critical 
care medicine. In the Intensive Care Unit (ICU), the entire range of 
intravascular devices (IVDs) needed for vascular access is encountered: 
central venous catheters of every type, including noncuffed multilumen 
catheters, large dual-lumen catheters for hemodialysis, large introducers and 
flow-directed, balloon-tipped pulmonary artery (Swan-Ganz) catheters, 
cuffed and tunneled Hickman-like CVCs, arterial catheters used for 
hemodynamic monitoring, small peripheral venous catheters and, 
increasingly peripherally-inserted central venous catheters (PICCs). 

Unfortunately, the IVDs needed to establish reliable access are associated 
with significant potential for producing iatrogenic disease, particularly 
bacteremia and candidemia (1-3), deriving from infection of the 
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percutaneous device used for vascular access or from contamination of the 
infusate administered through the device (4). 

The forms of infection associated with IVDs range from exit site 
infection — purulence, inflammation and erythema at the site; local infection, 
usually asymptomatic, synonymous with colonization of the catheter; 
bloodstream infection (BSI) , the most serious, potentially fatal complication 
of IVDs and the gravest infectious complication of vascular access, septic 
thrombophlebitis of peripheral veins and septic thrombosis of the great 
central veins (Table 1) (5). 

MAGNITUDE OF THE PROBLEM 

More than 250,000 IVD-related BSIs occur in the United States each year 
(1); the majority are related to short-term noncuffed, percutaneously-placed 
central venous catheters (CVCs). Whereas earlier studies have found a 12- 
25% attributable mortality of IVD-related BSI (6-9), recent studies have 
questioned the attributable mortality of IVD-related BSIs and primary BSI; 
10-13 however, these infections are associated with prolongation of hospital 
stay (7-9, 14) and marginal cost to the health system of $33,000 to 35,000 
per episode (7, 8, 14) The risk is greatly amplified in the ICU setting where 
at least 80,000 IVDR BSIs occur annually (3,15) with a marginal cost of 
$33,000 to $71,000 per case (15). 

The magnitude of risk of IVD-related BSI varies with the type of IVD in 
place (Table 2) (16). The device that poses the greatest risk of IVDR BSI 
today is the CVC in its many forms: short-term noncuffed, single- or multi- 
lumen catheters inserted percutaneously into the subclavian, internal jugular 
or femoral vein have been associated with rates of catheter-related BSI in the 
range of 3 to 5% (2- 3 per 1000 IVD-days). Far lower rates of infection occur 
with surgically implanted cuffed Hickman or Broviac and subcutaneous 
central venous ports (1 and 0.2 per 1000 IVD-days, respectively). Contrary 
to popular belief, PICCs used in a hospitalized population, and arterial 
catheters are associated with a risk of catheter-related BSI approaching that 
seen with noncuffed multilumen CVCs; up to 2.1% and 3.7 BSIs per 1000 
IVD-days, and 1.5% and 2.9 per 1000 IVD-days, respectively. The increased 
risk observed with PICCs in hospitalized patients is especially of importance 
as PICC sales in the U.S have risen greatly and are expected to continue to 




Nasia Safdar, Leonard A. Mermel, and Dennis G. Maki 



3 



Rates of IVDR-BSI are also influenced by severity of illness and 
underlying diseases: granulocytopenic patients, HIV, and those undergoing 
marrow transplantation have a much higher risk of IVOR BSI. However, 
risk can be greatly reduced by good catheter care practices and consistent 
application of strategies shown to reduce risk of IVDR-related BSI. 

Table 1. The Spectrum Of Catheter-Related Infection. 



Infection 


Definitions 


Catheter colonization 


Significant growth of a microorganism in a quantitative 
or semiquantitative culture of the catheter tip, 
subcutaneous catheter segment or catheter hub 


Phlebitis 


Induration or erythema, warmth, and pain or tenderness 
around catheter exit site 


Exit-site infection 


Microbiological 


Exudate at catheter exit-site yields a microorganism with 
or without concomitant bloodstream infection may also 


Clinical 


occur 

Erythema, induration and/or tenderness within 2 cm of 
the catheter exit site; may be associated with other signs 
and symptoms of infection, such as fever, or pus 
emerging from the exit site, with or without concomitant 
bloodstream infection 


Tuimel infection 


Tenderness, erythema or site induration > 2 cm from the 
catheter site along the subcutaneous tract of a tunneled 
(e.g. Hickman or Broviac) catheter, in the absence of 
concomitant bloodstream infection 


Pocket infection 


Infected fluid in the subcutaneous pocket of a totally 
implanted intravascular device, often associated with 
tenderness, erythema, and/or induration over the pocket; 
spontaneous rupture and drainage, or necrosis of the 
overlying skin , with or without concomitant 
bloodstream infection may occur 


Bloodstream infection 


Infusate related 


Concordant growth of the organism from infusate and 
cultures of percutanouesly obtained blood samples with 
no other identifiable source of sepsis 


Catheter-related 


Bacteremia or fungemia in a patient who has an 
intravascular device and > or 1 positive result of culture 
of blood samples obtained from peripheral vein, and no 
apparent source for bloodstream infection (with the 
exception of the catheter). One of the following should 
be present: a positive result of semiquantitiative (>= 1 5 
CPU per catheter segment) or quantitiative (>= 100 cfu 
per catheter segment) catheter culture, whereby the same 
organism (species and antibiogram) is isolated from a 
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catheter segment and a peripheral blood sample; 
simultaneous quantitative cultures of blood samples, 
with a ratio of >=5: 1 (CVC vs peripheral) ;differential 
time to positivity 2 hours earlier than positive result 
from peripheral blood. 

Septic 

thromboplebitis/thrmobosis 

Peripheral vein Palpable cord (thrombosed vessel), with expression of 

pus from exit site, or aspiration of thrombosed 
peripheral vein showing organisms. 

Central vein Overwhelming sepsis with high grade bacteremia or 

candidemia. With complete occlusion of the subclavian 
vein, the ipsilateral arm may be swollen; if there is 
involvement of the internal jugular vein, the face and 
neck may swell. 

Adapted from the Infectious Diseases Society of America Guideline for management of 
IVD-related Infection (5). Abbreviations: BSI - bloodstream infection; CVC - central 
venous catheter, IV - intravenous, IVD - intravascular device 
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Table 2. Rates Of Bloodstream Infection Caused By Various Types Of Devices Used 
For Vascular Access*. 









Rates of IVD* 


‘-related BSI 








Per 100 Catheters 


Per 1000 IVD-davs 


Catheter Type 


Studies, Catheters, 
n n 


Mean 

Duration 

(Days) 


Pooled 95% Cl 

Mean 


Pooled 95% Cl 

Mean 



Peripheral venous cannulas 



Plastic ctthcters 


13 


5,658 


2.6 


0.2 


0.1 - 0.3 


0.6 


0.3 - 1.2 


Steel needles 


2 


239 


2.6 


0.4 


0.0 - 2.3 


1.6 


0.0 -9.1 


Cutdowns 


1 


27 


4.2 


3.7 


0.1-20.6 


6.8 


0.2 - 49.3 


Afterial cathetets used for hemodynamic 


6 


1,295 


5.3 


1.5 


0.9 -2.4 


2.9 


1.8 -4.5 


monitoring 

Central venous catheters 


Standard ixmcuffed, rranmedicated 


61 


15315 


14.8 


3.3 


3.3 -4.0 


2.3 


2.0 - 2.4 


Antibiotic -coated 


3 


563 


7.3 


0.2 


0.0- I.O 


0.2 


0.1 - 1.4 


Control nonmedicated§ 


2 


184 


5.8 


4.4 


3.5-55 


... 


3.4 - 5.4 


Antisept] c -impregnated 


14 


2.081 


10.5 


3.1 


2.4 - 3.9 


2.9 


2.3-37 


Control nonmedicated§ 


13 


1,717 


10.3 


3.8 


1.5 -7.8 




2.6-13.5 


Peripherally-inscTttd (PICCs) 


8 


775 


30.0 


12 


0.5 - 12 


0.4 


0.2 - 0.7 


Silver-impregnated cuffs 


6 


481 


10.3 


3.3 


1.9 -5.4 


3.2 


1.9 -5.3 


Tunitelcd but noncuffed 


6 


693 


69.0 


12.4 


10.7-16.6 


1.8 


1.4 -2.0 


Pulmonary-artery catheters 


12 


1.014 


3.4 


1.9 


I.I -23 


5.5 


3.2-12.4 


Heparin-bonded 


3 


1.814 


1.7 


0.4 


0.2 - 0.9 


2.6 


I.l -5.2 


Hemodialysis catheters 


Noncuffed 


IS 


997 


56.8 


16.2 


13.5 • 18.3 


2.8 


13-3.1 


Cuffed 


5 


427 


56.0 


6.3 


4.2 - 9.2 


1.1 


0.7 -1.6 


Tunneled and cuffed CVCs 


18 


2.220 


179.6 


20.9 


18.2-21.9 


1.2 


1.0- 1.3 


Subcutaneous central ports 


13 


1,582 


288.6 


5.1 


4.0 - 6.3 


0.2 


0.1 -0.2 


Peripherally-inserted central ports 


3 


130 


199.8 


0.0 


0.0 - 2-8 


0.0 


0.0-0. 1 



From Kluger et al. Programs and Proceedings of the Fourth Decennial International 
Conference on Nosocomial and Healthcare-associated Infections, 2000 [Abstract] (16). 

* Based bn pooled data from 206 published, prospective clinical studies in which every 
device was evaluated for infection. 

** IVD = Intravascular device 

§ The comparator catheters in the randomized comparative trials. 
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PATHOGENESIS 

There are two major sources of I VD -related BSI: 1) colonization of the 
IVD, catheter-related infection, and 2) contamination of the fluid 
administered through the device, infusate-related infection Contaminated 
infusate is the cause of most epidemic intravascular device-related BSls; in 
contrast, catheter-related infections are responsible for most endemic device- 
related BSls. 

Understanding the pathogenesis of IVD-related BSls is essential to 
devising strategies for prevention of these infections; however few published 
studies have determined the mechanism of IVD-related colonization and 
infection using sophisticated molecular techniques to prove or disprove 
potential routes of infection. 

In order for microorganisms to cause catheter-related infection they must 
first gain access to the extraluminal or intraluminal surface of the device 
where they can adhere and become incorporated into a biofilm that allows 
sustained colonization and, ultimately hematogenous dissemination 
Microorganisms gain access to the implanted IVD by one of three 
mechanisms: skin organisms invade the percutaneous tract, probably 
facilitated by capillary action, at the time of insertion or in the days 
following; microorganisms contaminate the catheter hub (and lumen) when 
the catheter is inserted over a percutaneous guidewire or later manipulated; 
or organisms are carried hematogenously to the implanted IVD from remote 
sources of local infection, such as a pneumonia (Figure 1). 

With short-term IVDs (in place <10 days) — peripheral IV catheters, 
arterial catheters and non-cuffed, non-tunneled CVCs — most catheter-related 
BSls are of cutaneous origin, from the insertion site, and gain access 
extraluminally, occasionally intraluminally For long-term catheters— 
tunneled, cuffed CVCs, totally implantable ports and PlCCs— luminal 
colonization has been shown to be the major mechanism leading to BSI 
(17,18). A characteristic pulsed-field gel electrophoresis image obtained 
from a short-term noncuffed CVC causing BSI is shown in Figure 2 and 
from a long-term cathter (PlCC), in Figure 3. 

MICROBIOLOGY 

The distribution of microorganisms that cause IVD-related BSls vary by 
the type of device used (Table 3) (19). For example, microorganisms found 
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on patient’s skin, which gain access to the IVD extraluminally, occasionally, 
intraluminally — coagulase-negative staphylococci (39%), Staphylococcus 
aureus (26%), and Candida spp. (11%) — account for 76% of IVD -related 
BSIs with short-term noncuff ed devices of all types; only 14% are caused hy 
gram-negative bacilli. In contrast, with long-term surgically implanted 
devices, such as cuffed and tunneled catheters, PICCs, and subcutaneous 
central venous ports, gram-negative bacilli, which gain access intraluminally 
and grow rapidly within the infusate in the device, account for nearly half of 
IVD-related BSIs; only 2% are caused by Candida spp. 



Skin organisms 

Endogenous 
Skin flora 
Extrinsic 
HCW hands 

Contaminated disinfectant 



Contaminated 
catheter hub 

Endogenous 
Skin flora 
Extrinsic 
HCW hands 




Contaminated 

infusate 

Extrinsic 

Fluid 

Medication 

intrinsic 

Manufacturer 



Vein 



Hematogenous 

from distant infection 



Figure 1. Potential sources of infection of a percutaneous IVD: the contiguous skin 
flora, contamination of the catheter hub and lumen, contamination of infusate, and 
hematogenous colonization of the IVD from distant, unrelated sites of infection 
(from C.J Crnich and D.G Maki (4)). 
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Figure 2. Pulsed-field gel electrophoresis image showing the probable pathogenesis 
of a central venous catheter-related bacteremia with coagulase-negatlve 
Staphylococcus. The isolates from the catheter tip, blood, and skin of the Insertion 
site were all concordant, indicating an extraluminal route of infection (29). 
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Serratia marcescens PICC-related Bacteremia 



originating from Hub, Fluid, and Tip 

Kb so 100 ISO 200 2S0 300 380 

I I I III 




Figure 3. Pulsed-field gel electrophoresis Image showing the probable pathogenesis of 
a PICC-related bacteremia with Serratia marcescens. The isolates from the catheter 
tip, blood, hub and fluid were all concordant, indicating an intraluminal route of 
7infection. 
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Tables. Microbial profile of IVD-related infection with percutaneously-inserted 
short-term noncuffed IVDs and with surgically-implanted long-term central venous 
devices. 



Mictoofganisim. % of Total 



Type of IVD 

Percuuneously-msefted 
noncuffed catheters* 


No. 

Studies 


No. 

IVDs 


CNS 


Staph. 

aureus 


Ecoc 


Enteric 

GNB 


Pseudomonas 

aeruginosa 


Candida 


Other 


Colonized 


87 


3.640 


66 


6 


2 


8 


4 


6 


8 


IVDR BSI 
Surgically-inipianied 
centra] venous IVDs' 


S3 


592 


40 


26 


4 


10 


5 


11 


8 


Local infection 


14 


117 


31 


34 


0 


7 


15 


2 


12 


IVDR BSI 


38 


865 


25 


13 


4 


22 


9 


3 


9 



From Kluger et al. Programs and Proceedings of the 40th Annual Meeting of the 
Infectious Diseases Society of America , 2002 [Abstract], 

Abbreviations: IVD, intravascular device; CNS, coagulase-negative staphylococci; GNB, 
gram-negative bacilli; 

Ecoc, Enterococcus spp., Other, miscellaneous species; IVDR BSI, IVD-related 
bloodstream infection. 

* Peripheral IV catheters, arterial catheters, single- and multilumen CVCs, PA catheters, 
coated CVCs and noncuffed hemodialysis catheters. 

t Cuffed hemodialysis catheters, PICCs, cuffed and tunneled Hickman-like catheters and 
central venous ports. 

RISK FACTORS FOR INFECTION AND IMPLICATIONS FOR 
PREVENTION 

IVDR-BSIs are largely preventable. Strategies for prevention can be 
successful only if based upon a sound understanding of the risk factors and 
pathogenesis of IVD-related BSI. A growing body of literature in recent 
years has greatly enhanced our understanding of the risk factors for IVD- 
related BSI; a recent review summarizes the major risk factors with short- 
term noncuffed CVCs (Tables 4,5, and 6) (20). 




Nasia Safdar, Leonard A. Mermel, and Dennis G. Maki 



11 



Table 4. Risk Factors for Catheter-Related BSI with Non-Cuffed Percutaneously- 
Inserted CVCs. 



Risk Factors (No. of studies ) 


Risk* 


Patient Characteristics 




Age (3) 


1.0 


Female sex (6) 


0.1-10 


Underlying disease: 




AIDS (2) 


4.8 


LowCD4(l) 


3.45 


Neutropenia (2) 


1.0-15.1 


GI disease (1) 


2.4 


Surgical service (1) 


4.4 


ICU/CCU placement (3) 


0.4-6.7 


Extended hospitalization (3) 


1. 0-6.7 


Coexistence of other intravascular devices (2) 


1. 0-3.8 


Systemic antibiotics (3) 


0.1-0.45 


Active infection at any other site (2) 


8.7-9.2 


Low birth weight (2) 


5.13-9.1 


High APACHE III score (1) 


4.19 


Mechanical ventilation (1) 


1.97-2.5 


Transplantation (1) 


2.6 


Features of Insertion Site 




Insertion of by house-staff or student (I) 


1.0 


Difficult insertion (1) 


5.4 


Maximal sterile barriers (1) 


0.2 


Tunnelling a non-cuffed CVC (2) 


0.3-1.0 


Insertion in an old site over a guidewire (8) 


1. 0-3.3 


Insertion site: 




Internal jugular vein (6) 


1. 0-3.3 


Subclavian vein (5) 


0.4- 1.0 


Femoral vein (2) 


3.3-4.83 


Defatting insertion site (1) 


1.0 


Cutaneous antiseptic used: 




Chlorhexidine vs. povidone iodine (2) 


0.2-0.9 


Topical anti-infective cream: 




Povidone-iodine (1) 


1.1 


Mupirocin (1) 


0.3 




12 



Catheter-Related Infections in the Critically III 



Risk Factors (No. of Studies ) (con’t) Risk* 

Chlorhexidine-impregnated dressing (3) 0.3-1 .2 

Type of dressing (transparent vs. gauze) ( 6 ) 0. 7-2.8 

Colonization of insertion site (4) 6.3-56.5 

Catheter characteristics 

Multi-lumen vs. single-lumen catheter ( 8 ) 1 .0-6.5 

Ant-infective coating 

Antibacterial (2) 0. 1 -0.3 

Antiseptic (10) 0.2-1. 0 

Antibiotic vs. Antiseptic (2) 0. 1 - 1 .0 

Silver-impregnated cuff ( 6 ) 0.3-1 .0 

Contamination-resistant hub (1) 0.2 

Subsequent catheter management 

Routine change of IV set (2) 1.0 

Staffing in SICU (Nurse; patient ratio) (1): 

1 : 2.0 61.5 

1:1-5 15.6 

1 : 1.2 4.0 

1:1 1.0 

Inappropriate catheter usage ( 1 ) 5.3 

Duration of catheter >6 days (5) 1 .0-8.7 

Colonization of catheter hub (3) 1 7.9-44. 1 

Disinfection of catheter hub (1) 1.2 

Blood sampling ( 1 ) 1.4 

Heparinization (1) 0.9 

Parenteral nutrition (2) 1 . 04 , 4.79 



From Safdar N et al. Medicine 2002 with permission 

Abbreviations: CVC, central venous catheter; AIDS, Acquired immunodeficiency 
syndrome; GI=gastrointestinal tract; ICU, intensive care unit; CCU, critical care unit; 
SICU, surgical intensive care unit. 

* Relative risk or odds ratio 




Nasia Safdar, Leonard A. Mermel, and Dennis G. Maki 



13 



Table 5. Risk Factors for Catheter-Related BSI with Non-Cuffed Puimonary-Artery 
Catheters. 



Risk Factor (No. of Studies) 


Risk* 


Insertion with less stringent barrier precautions (1) 


2.1 


Insertion site in internal jugular 


1. 0-4.3 


Insertion site colonization >100 CFU (1) 


5.5 


Duration of catheterization >72 hours (3) 


1.0-14.4 


Table 6. Risk Factors for Catheter-Related BSI with Peripherai Arterial Catheters. 


Risk Factor (No. of Studies) 


Risk* 


Increasing duration of catheterization 


5.0-10.0 


Insertion using surgical cutdown 


14.0 


Local inflanunation 


10.0 



Training and Experience of the Inserter 

CVCs are associated with significant potential for life-threatening 
iatrogenic complications besides catheter-related BSI, including 
pneumothorax, vascular injury, arrhythmias and thromboembolism. 
Armstrong et al. identified inserter experience as an important risk factor for 
CVC-related BSI in a prospective study of 169 catheters (21). Moreover, a 
survey of U.S. academic medical centers has shown that up to one-half of 
clinicians who use PA catheters have major gaps in their understanding of 
when to use the catheter and how to interpret the data derived from it (22). 
Only in recent years are U.S. institutions requiring formal training of house 
officers in the techniques of vascular access. Intensified training and 
educational programs can greatly reduce the baseline risk of CVC-related 
BSI in a center. 

Intravenous Therapy Teams 

Good technique is essential. Studies have shown that the use of special IV 
therapy teams, consisting of trained nurses or technicians who can assure a 
consistent and high level of aseptic technique during catheter insertion and in 
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follow-up care of the catheter, have been associated with substantially lower 
rates of catheter-related BSI and are cost-effective. 

Institutional IV teams should be encouraged, but even if an institution 
does not have an IV team, it can greatly reduce its rate of IVDR BSI by 
formal education of nurses and physicians and strict adherence to IVD care 
protocols (23). 

Sterile Barrier Precautions 

Mermel et al. (24) found in a prospective study of 302 pulmonary-artery 
catheters that failure to use maximal sterile barriers at the time of catheter 
insertion increased the risk of catheter-related infection more than two-fold 
(RR, 2.1). Whereas the issue has not been studied extensively, in one well- 
controlled randomized trial it was found that the use of maximal sterile 
barriers when inserting a CVC in a patient with cancer greatly reduced the 
risk of CVC-related BSI (RR, 0.20) (25). 

It seems clear that physicians inserting a CVC should wear a long-sleeved 
sterile surgical gown and sterile gloves and, to be in compliance with 
universal precautions, a mask and eye cover; the potential insertion site 
should be draped with a large sterile sheet (23). Maximal sterile barrier 
precautions are not necesssary for peripheral arterial catheters used for 
hemodynamic monitoring, where sterile gloves and a sterile fenestrated 
drape will suffice based on a a prospective study showing no difference in 
colonization but the study was underpowered to show a difference in 
catheter-related BSI (26). 

Site of Insertion 

At least six studies, including one randomized clinical trial, have found 
that percutaneous insertion of a CVC in an internal jugular or femoral vein is 
associated with a substantially higher risk of catheter-related BSI than 
insertion in a subclavian vein (RR, 1-3.3) (24,27-31). Femoral line insertion 
also dramatically and independently increases the risk of the life-threatening 
complications deep venous thrombosis (30). Whereas placement in an 
internal jugular or femoral vein is associated with less risk of pneumothorax 
and permits control of local hemorrhage by the application of pressure, the 
risk of mechanical complications with central venous cannulation, such as 
pneumothorax or hemorrhage, has greatly declined in recent years (59), 
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reflecting better training in the techniques of percutaneous catheter insertion 
and greater experience. It should be possible to place a CVC percutaneously 
in the subclavian vein with a very low risk of barotrauma, in the range of 1% 
or less. 

We believe these data indicate that training programs should strive to 
encourage use of the subclavian vein as the preferred site of access for CVCs 
(23) (other than catheters needed for long-term hemodialysis), and should 
assure that house officers are trained in establishing central access in the 
subclavian vein. Catheterization of the femoral vein should be kept to a 
strict minimum and if accessed during a code situation, the catheter should 
be changed to an alternative site as soon as it’s safe to do so. Tunneling a 
CVC appears to reduce the risk of catheter-related BSI, both with catheters 
placed in the internal jugular or femoral veins, and might be considered if 
circumstances mandate cannulation of an internal jugular or femoral vein 
rather than a subclavian vein (e.g., severe coagulopathy or a hemodialysis 
catheter). 

Catheter Exchange Over a Guidewire 

The Seldinger technique for catheter insertion has been a major advance, 
permitting the great central veins to be cannulated with considerably less risk 
of pneumothorax and vascular injury. To avoid iatrogenic mechanical 
complications associated with percutaneous insertion of another CVC, new 
catheters are commonly inserted over a guidewire in the site of an old 
catheter. Numerous studies have examined the impact of this practice on the 
risk of infection (32-43), most did not utilize multivariable techniques. Eight 
randomized trials to address this issue have had conflicting results (33-37,42- 
44). The best prospective randomized trial, which included pulmonary- 
artery catheters, found a nearly two-fold increased risk of catheter-related 
BSI with CVCs replaced on a periodic basis in old sites over a guidewire (9 
vs 5 cases per 1000 catheter-days); 75 percent of all catheter-related BSIs in 
the study population occurred within 72 hours of catheter exchange over a 
guidewire (35). However, a systematic review of the effect of guidewire 
exchange and new site replacement strategies for central venous catheters in 
critically ill patients did not find a statistically significant reduction in 
catheter-related BSI with routine guidewire exchange (RR 1.72, 95% Cl 
0.I2-I.9I) (45). 
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If a CVC is replaced because of suspected infection without signs of 
sepsis, or the catheter has malfunctioned (e.g it is cracked), it is reasonable to 
replace a catheter in the same site over a guidewire if the patient has limited 
sites for new access or would be at a very high risk for percutaneous central 
venous cannulation in a new site (e.g., coagulopathy or morbid obesity) (23). 
However, it is imperative that the same meticulous aseptic technique and use 
of full sterile barriers that are mandatory during the insertion of any new 
CVC be employed. After vigorously cleansing the site with the antiseptic 
solution, inserting the guidewire, removing the old catheter and cleansing the 
site once more with the antiseptic solution, the operator should reglove and 
ideally redrape the site, as the original gloves and drapes are likely to have 
become contaminated from manipulation of the old catheter. 

It is also essential to routinely culture the old catheter and, if the patient is 
febrile or shows other signs of sepsis, to obtain blood cultures (23). If these 
cultures demonstrate that the old catheter was infected, the new catheter 
placed in an old site should ideally be immediately removed to prevent 
progression to catheter-related BSI or perpetuation of ongoing BSI, as a new 
catheter has been inserted into an infected tract; need for continued access 
would mandate placement of a new catheter in a new site. If culture of the 
old catheter shows that it is not colonized, it has been possible to preserve 
access and exclude it as the cause of fever and sepsis without subjecting the 
patient to the hazards associated with percutaneous insertion of a new 
catheter. 

In general, if an old insertion site is inflamed, especially if there is 
purulence, the patient shows signs of sepsis that might be originating from 
the catheter or the patient has cryptogenic bacteremia or candidemia, it is 
strongly recommended that a new catheter not be inserted over a guidewire 
into an old, potentially-infected site (23). 

HEAVY COLONIZATION OF THE INSERTION SITE AND 
CUTANEOUS ANTISEPSIS 

Colonization of the insertion site will be greatly influenced by the choice 
of the site for insertion. In a prospective study, it was found that the density 
of the transient cutaneous microflora was highest at the base of the neck, the 
site of insertion of an internal jugular vein catheter, as contrasted with over 
the upper chest, the site for insertion of a subclavian vein catheter. In 




Nasia Safdar, Leonard A. Mermel, and Dennis G. Maki 



17 



neonates, there is a significantly greater density of microbes in the combined 
jugular and femoral sites than either the umbilical or subclavian site. 

Given the powerful evidence for the importance of cutaneous micro- 
organisms and particularly the density of the microflora at the potential 
insertion site in the pathogenesis of CVC-related infection, measures to 
reduce cutaneous colonization of the insertion site would seem of the highest 
priority, particularly the choice of the chemical antiseptic used for 
disinfecting the site. In the United States, iodine-based disinfectants, 
particularly iodophors such as 10% povidone-iodine, are used most widely. 
Chlorhexidine, a biguanide with potent and broad-spectrum activity, exhibits 
prolonged antimicrobial activity on the skin surface after a single application, 
in contrast to alcohol or iodine-based antiseptics. To date, seven prospective 
randomized clinical trials have compared the efficacy of 10% povidone- 
iodine and chlorhexidine antisepsis for vascular access. The largest, a 
prospective randomized trial with 750 CVCs and arterial catheters used in 
patients in an ICU, showed that 2% chlorhexidine was superior to 10% 
povidone-iodine or 70% alcohol for prevention of CVC-related BSI (RR, 
0.16). In six of the seven trials to date, chlorhexidine was superior to 
povidone-iodine for preventing catheter colonization, and in two, CVC- 
related sepsis was reduced significantly. 

These studies in aggregate indicate that a 0.5 - 2% chlorhexidine-alcohol 
tincture or a 1-2% aqueous solution is more effective than iodophors or 70% 
alcohol for prevention of CVC-related colonization and BSI. Two recent 
meta-analyses of randomized trials comparing chlorhexidine to 10% 
povidone-iodine for cutaneous antisepsis found a 50% reduction in the risk 
of CVC-related BSI with the use of chlorhexidine. 

Disinfection of skin should be done with an appropriate antiseptic prior to 
catheter insertion and at the time of dressing changes. A 2% chlorhexidine- 
based preparation is preferred. Alternatively, tincture of iodine, an iodophor, 
or alcohol could be used. Allow the antiseptic to remain on the insertion site 
and to dry before inserting the catheter. Allow povidone-iodine to remain on 
the skin for at least 2 minutes, or longer if it is not yet dry before inserting 
the catheter. 
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Site Dressings 

The importance of the cutaneous microflora in the pathogenesis of CVC- 
related infection suggests that the dressing applied to the insertion site could 
have considerable influence on the incidence of catheter-related infection. In 
recent years, transparent polyurethane film dressings have become available. 
They secure the device more reliably, permit continuous inspection of the 
site, and are generally more comfortable than gauze and tape; moreover, they 
permit patients to bathe and shower without saturating the dressing. Studies 
of polyurethane dressings on short-term non-cuff ed CVCs have yielded 
conflicting results; however, a meta-analysis of the largest and most 
rigorously controlled randomized trials has shown that these dressings do not 
materially increase the risk of CVC-related BSI (RR 0.99, 95% Cl 0.90- 
1.09) (46). 

Either sterile gauze or sterile, transparent, semipermeable dressing may 
be used to cover the catheter site. If the patient is diaphoretic, or if the site is 
bleeding or oozing, a gauze dressing is preferable to a transparent, semi- 
permeable dressing (23). 

Manipulations of the System 

Contamination of infusate, stopcocks or catheter hubs, the cause of many 
CVC-related BSIs, has been the cause of most outbreaks of infusion-related 
bacteremia or candidemia. 

In general, running infusions should be manipulated as little as possible, 
and persons handling or entering the system should first wash their hands or 
don clean gloves (23). Efforts should be made to limit entry into the 
monitoring circuit for the purpose of drawing blood or other tests (23). The 
number of stopcocks in the system should also be kept to a minimum. It is 
unknown whether wiping a stopcock which has been opened with an anti- 
infective agent might be of value. 

Prolonged Catheter Placement 

Exactly how long non-cuffed short-term CVCs can be left in place safely, 
particularly in critically ill patients in an ICU, has not been adequately 
assessed. In general, however, most studies that have examined duration of 
placement as a risk factor have shown that prolonged placement significantly 




Nasia Safdar, Leonard A. Mermel, and Dennis G. Maki 



19 



increases the cumulative risk of infection, particularly insertions longer than 
5-7 days (27,37) A simple hut elegant mathematical model has also been 
derived demonstrating the increased risk of catheter-related bloodstream 
infection for each day of catheterization (47). The need for continued use of 
an intravascular catheter should be frequently reassesed and the device 
should be removed as soon as the intended use is over (48). 

Finally, what has not been conclusively established is whether routine 
replacement of a non-cuffed CVC to a new site at periodic intervals, such as 
every 4-5 days, significantly reduces the risk of CVC-related BSI in patients 
requiring prolonged central access. While some studies report no decline in 
the incidence of CVC-related BSI with routine replacement (35,37,49), most 
that have examined this issue have not had sufficient statistical power to 
answer the question (37,44,50). In the absence of conclusive data affirming 
benefit, central venous or arterial catheters should not be routinely replaced 
solely for the purpose of reducing the risk of catheter-related infection (23). 

The question thus remains unanswered; however, the availability of novel 
technology may obviate this concern. The studies of anti-infective-coated 
CVCs show a sufficiently reduced risk of CVC-related BSI that it would 
appear that with the use of such technology in patients requiring prolonged 
central access, it should be safe to leave a CVC in place for 10-20 days, if 
necessary, perhaps even longer if the device is dedicated to total parenteral 
nutrition or anti-infective therapy. Moreover, the use of chlorhexidine- 
impregnated dressings or engineered contamination-resistant catheter hubs 
can also reduce risk and permit prolonged cannulation with a very low risk of 
infection. 
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Introduction 

As the only surgeon contributing to this major work on catheter-related 
bloodstream infections (CRBSI), this perhaps requires some explanation. In 
the mid- seventies, early during my residency training in general surgery, I 
was charged to take care of patients receiving parenteral nutrition at the 
Hospital de Bellvitge, my home institution, which pioneered this modality 
treatment in Spain (1). Our general surgery service was a reference one for 
the care of patients with complex postoperative abdominal complications 
such as fistulas and short bowel syndrome. Being a young trainee, I took this 
responsibility with some fear but with much enthusiasm because it gave me a 
unique opportunity both for challenging patient care and for first-line 
research. Of the many interesting aspects of parenteral nutrition delivery, 
subclavian catheter infections readily attracted my attention. They were 
common, they forced us to stop treatment and carried significant morbidity 
and even mortality. Initial attempts at controlling this complication by 
meticulous skin care and full barrier precautions at catheter insertion were 




24 



Catheter-Related Infections in the Critically III 



unsuccessful and, at a given point, catheter sepsis due to coagulase-negative 
staphylococci attained almost an endemic proportion. This prompted us to 
start a series of investigations that led, in the early 1980s, to the recognition 
of the catheter hub as a relevant portal of entry for microorganisms 
contaminating central venous catheters (CVCs). The paper reporting this 
seminal observation could have appeared some years earlier but, 
unfortunately, it was rejected in three medical journals before being accepted 
in ajournal specialised in artificial nutrition (2). 

Our findings had a somehow cold reception in the expert entourage of the 
time probably because they came from an unknown unit and because they 
challenged established knowledge. In fact, intellectual challenge was 
welcomed by our group and represented a potent stimulus for us to 
hypothesize that the new paradigm of endoluminal catheter cont a mination 
would have a major impact on issues closely related to pathogenesis of 
CRBSI, namely, diagnosis, prevention, treatment and industrial design of 
future catheters (3). These thoughts have been largely confirmed by many 
research groups and have been the focus of our work spanning over twenty 
years (1976-1996) during which we made some contributions to the field and 
had the privilege to meet and discuss the issue with experts on both sides of 
the Atlantic. 

DEFINITIONS 

There is a growing consensus on the definitions to be used when dealing 
with infections due to intravascular devices. In the present chapter, we have 
adhered to a set of definitions recently proposed to improve communication 
between researchers and increase scientific accuracy of articles dealing with 
catheter infections (4). 

1) The term intravascular catheter-related bloodstream infections 
(CRBSI) denotes bacteremia or fungemia in a patient who has an 
intravascular device, >1 positive blood culture from a peripheral vein, 
clinical manifestations of infection and confirming appropriate 
microbiological cultures. CRBSI is to be preferred to the term “catheter- 
related sepsis” since the concept “sepsis” does not imply bacteremia and is 
used to define the systemic inflammatory response syndrome associated with 
an infectious focus. “Catheter-related bacteremia” is not accurate since blood 
cultures may grow fungal species (fungemia). 
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2) Exit-site infection should be reserved to refer to clinical and/or 
microbiologically proven infection at the catheter exit site: periorificial 
cellulitis, purulence, tunnelitis, and pocket infections (for totally implantable 
devices). The term “infected catheter”, usually employed to designate 
catheter segments yielding a high bacterial count in semiquantitative or 
quantitative cultures, should be abandoned. 

3) Catheter colonization means that the cultured catheter segment (hub, 
tip, subcutaneous segment) grows a significant number bacteria according to 
the culture methods used. 

To these we add the concept of catheter contamination to designate the 
process whereby microorganisms reach the catheter, adhere to its surface and 
proliferate. Thus, catheter contamination becomes the central focus of 
pathogenesis studies. 

EPIDEMIOLOGY 

Current care of severely ill patients requires multiple vascular accesses 
for invasive physiologic monitoring and intravenous delivery of fluids, drugs 
and parenteral nutrition. It is not uncommon for patients in the ICU to have 
at least three intravascular devices placed at the same time: one or two for 
hemodynamic monitoring and one or two for drugs and fluid therapy. 
Multilumen catheters may have reduced the overall number of lines used, but 
the increased number of hubs poses additional line management problems. 
These are the main reasons why intravascular devices are responsible for the 
ever-increasing prevalence of hospital-acquired gram-positive cocci 
bacteremia (5,6). 

CRBSI represents the first cause of hospital acquired bacteremia with an 
approximate incidence of one episode per hundred hospital admissions (7). 
The incidence of CRBSI has been estimated to be in the range of 2 to 14 
episodes for 1000 catheter-days (8,9). The rate of CRBSI for peripherally 
inserted lines and cannulas is lower than for central venous lines. In a recent 
survey at the Hospital del Mar (unpublished observations), 500 peripheral 
cannulas inserted in patients admitted to medical and surgical wards, with a 
mean indwelling time of 5.4 days, were prospectively investigated with skin, 
hub and tip semiquantitative cultures. Three (0.6%) were associated with 
bacteremia. However, colonization of the skin, hub and tip was found in 
roughly 18%, 9% and 18% of the cannulas, respectively. Midline catheters 
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(n=215) with a longer dwelling time (7.2 days) were also investigated and 
showed a 2.5% CRBSI rate or 1.6 episodes /lOOO catheter days. 

The mean cost per CRBSI episode was calculated ten years ago to be 
roughly US$ 3,700 per episode with an average prolongation of hospital stay 
of one week (10). However, costs can be as high as US$ 6-7,000 for 
Staphylococcus aureus bacteremia which is often associated with distant 
septic metastasis and requires prolonged antibiotic therapy (5). A recent 
case-control study carried out in Spain (11), has confirmed these data. The 
average cost of an episode of CRBSI was found to be € 3,250 (year 1998). 
One-third of the patients were responsible for two-thirds of the increased 
total cost. The hospital stay for patients with CRBSI doubled that of the 
controls (26.5 vs 14.5 days). 

CRBSI: A TIME-DEPENDENT PROCESS 

Dwelling time is probably the most important factor influencing CRBSI 
rates. This is easily understood if we imagine two extreme scenarios: 

1) A patient undergoes herniorraphy in an ambulatory surgical setting. 
Anesthetics and analgesics are given through a short peripheral 
cannula and the patient is discharged home the same day. The risk of 
CRBSI for this intravenous cannula is virtually zero. 

2) A patient requires long-term parenteral nutrition for intestinal failure 
and receives home parenteral feeding through a tunnelled central line. 
He or she has an almost 100% possibility of suffering a catheter 
infection within the next two years. 

Dwelling time varies widely between these two examples in clinical 
practice and represents a major conceptual obstacle to reach consensus on 
topics such as routes of catheter contamination, efficacy of preventive 
measures or sensitivity of diagnostics tests, to mention only a few areas in 
which controversy still persists. In addition, as discussed below, the 
relationship between dwelling time and CRSBI rates is not a linear one and, 
in fact, it appears to be bimodal. Thus, a thorough understanding of the 
relevance and subtleties of dwelling time has become essential to judge and 
to interpret data on catheter infections. 

Overt clinical symptoms of CRBSI are preceded by catheter 
contamination, a complex process with a silent natural history that comprises 
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several steps. First, microorganisms reach and contaminate the catheter 
segment(s); second, microorganisms adhere and proliferate on their surfaces; 
and third they seed the bloodstream once they have reached a significant 
number (colonized catheter). When the bloodstream is seeded, symptoms of 
bacteremia develop and, hopefully, the appropriate diagnosis is made. Thus, 
to properly understand the pathogenesis of CRBSI, it is essential to 
distinguish these different processes that develop over time in a sequential 
manner: 

1) The routes of catheter contamination; 

2) The interaction between microorganisms and catheter material; 

3) The invasiveness of specific microorganisms. 

In addition, some clinical/anatomical circumstances may facilitate this time- 
dependent process. Strictly speaking, these “risk factors”, do not imply 
alternative contamination routes but, rather, exemplify how dwelling time, 
access site or dressing (to mention only a few examples) may predispose the 
catheter to get contaminated by a given route or by a specific bacteria or 
fungus. 

ROUTES OF CATHETER CONTAMINATION 

Microorganisms can reach the catheter’s external surface (extraluminal 
contamination) either by migration from the skin entry site and progression 
along the subcutaneous tract or, more rarely, from a bacteremia stemming 
from a distant source (i.e., urinary tract infection, intraabdominal infection). 
Alternatively, microorganisms can reach the catheter’s internal surface 
(endoluminal contamination) after colonizing the hub or, exceptionally, from 
a contaminated infusate. 

Extraluminal (skin exit-site originated) contamination 

This is the best known route of catheter contamination since it was 
described more than 40 years ago (12) and is the most relevant 
contamination route for catheters inserted for less than a week (13). 
Actually, the implication of skin microorganisms in CRBSI occurring early 
after insertion has been exhaustively documented both by conventional and 
molecular biology bacterial identification techniques (14). Furthermore, the 
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mechanisms and speed of S. aureus migration along the subcutaneous tract 
have been investigated and clarified in an animal model (15). 

Because of poor skin preparation, defective surgical technique, or 
inappropriate dressing of the fresh skin puncture, the catheter skin exit-site 
wound gets contaminated during catheter insertion or shortly afterwards by 
microorganisms of the skin flora. This contamination may progress to a 
subdermal infection, which spreads along the catheter track and reaches its 
intravascular segment and tip. Occasionally, a catheter exit-site infection 
may be the origin of a severe soft tissue infection (Figure 1) or a septic 
phlebitis. If the catheter has been tunneled to the anterior chest wall, 
insertion-site infection may give rise to a clinically evident soft-tissue 
infection, also called tunnel infection (4). The organisms most often involved 
are skin commensals such as coagulase-negative staphylococci and S. 
aureus, but in hospitalized patients the skin flora may also include other 
pathogens, such as Enterococcus spp., Enterobacteriaceae, or Pseudomonas 
spp., all of which are also found in skin-originated CRBSI. 

Experimental evidence suggests that, with time, the skin entry site and the 
subdermal tunnel become relatively resistant to the invasion by skin 
comensals (16) and this may explain why skin-related infections usually 
develop early after catheterization. 

Extraluminal contamination is uncommon during intravenous feeding 
since TPN catheters are almost universally inserted using maximal aseptic 
barriers (17) Maximizing aseptic care at catheter insertion results in complete 
prevention or in very low rates of extraluminally originated CRBSI (18). 
This is most logical since this route of contamination has many similarities 
with that of a surgical clean wound infection and its prevention relies, as 
well, in adopting maximal aseptic barriers at the time of catheter insertion 
which should be considered as a minor surgical procedure. 

Extraluminal infection can also occur in patients with a bacteremia from a 
distant source. Microorganisms in the circulation may adhere to the 
intravascular catheter segment and seed the bloodstream from this secondary 
“metastatic” septic focus. This possibility should be borne in mind 
particularly in critically ill patients with persistent bacteremia after an 
apparently successful treatment of an obvious septic focus. 
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Endoluminal (hub originated) contamination 

For decades experts held the opinion that catheters were contaminated 
almost exclusively by bacteria or fungi present at the skin’s catheter exit-site. 
Two other routes of contamination were exceptionally considered: 
intravascular device contamination from bacteremia arising from a distant 
focus (hematogenous seeding) or from a contaminated infusate. The “skin 
paradigm” was born in the 60’s, when investigators became aware of the 
severity of CRBSI due to S. aureus (12). It became firmly established after 
the description of the semiquantitative catheter tip culture method based on 
culturing the external surface of the catheter tip (19). The widespread belief 
in the skin paradigm, however, prevented many investigators from 
appropriately appraising some clinical observations that did not match with 
this contamination route: 

1) Many patients with CRBSI have no clinical infection at the catheter 
skin entry site; 

2) Mutbreaks of CRBSI were reported in relationship to loosening of the 
catheter-infusion set junction (20) This was initially attributed to 
moistening of the dressing and subsequent extraluminal 
contamination. 

3) In a substantial proportion of CRBSI, the microorganism recovered 
from blood and catheter tip cultures did not match with that isolated 
from the skin entry site (21). 

4) Locking the line with heparinized saline would often result in 
clearance of fever and chills. 

These facts were appropriately interpreted once the relevance of 
endoluminal contamination was recognized in the mid-eighties in 
relationship to CRBSI originated from parenteral nutrition catheters (2,17). 
At that time, outbreaks of CRBSI due to coagulase negative staphylococci 
had been reported (22) usually during the second to fourth weeks after 
catheter placement. Symptoms frequently vanished after locking the catheter 
and stopping parenteral nutrition. In our institution, this outbreak could not 
be controlled by inserting the subclavian catheters in the operating room, by 
tunnelizing the subclavian lines, nor by improving skin antisepsis. 

We then started a series of studies that included separate quantitative 
cultures of the inner surface of the catheter hub and segments (Figure 2). In a 
first study (17) episodes of CRBSI were investigated with a multiple culture 
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protocol including sampling of peripheral blood, hub, inner and outer 
catheter tip surfaces, skin entry site, parenteral nutrition mixture and distant 
infected sites (2) Results clearly indicated that in the majority of cases the 
microorganisms present at the inner hub surface were the same (species and 
antibiotype) as those recovered from the catheter tip and blood. Further 
studies in a larger series of parenteral nutrition subclavian catheters, inserted 
for a mean of three weeks, confirmed the relevance of the endoluminal 
contamination route which accounted for 70% of all CRB SI (17) The skin, 
the all-in-one nutrient mixtures and hematogenous seeding of the 
intravascular segment accounted for the remaining 30%. Bacteriological 
findings also demonstrated that when the hub was involved, the same 
microorganisms were recovered from the inner catheter surface at the middle 
third and at its tip, indicating that the whole catheter lumen was seeded with 
bacteria stemming from the proximal hub. 

In 1992, the first North American paper recognizing the relevance of 
endoluminal contamination was published. Salzman et al. (23) carried out 
hub cultures from long-term central lines in neonates and found 
microorganisms matching those recovered from blood cultures and the 
catheter tip. Recognition of hub colonization was delayed in the USA mainly 
for two reasons: reluctance to implement hub cultures and scheduled line 
replacements in the intensive care unit (ICU), a widespread empirical 
practice with little scientific basis (24) but that may have reduced the 
chances of hub colonization by reducing the mean catheter dwelling time. 
Currently, the role of hubs as portals of entry for microoganisms is widely 
accepted although there is still an ongoing controversy on the relative 
importance of this route of contamination as opposed to the skin. Evidence 
derived from microscopic examination of catheter surfaces (25) and data 
coming from series of CRBSI in which hubs have been cultured (26) indicate 
that the longer the catheters remain in place the more likely they are to 
become contaminated endoluminally (Table 1). 
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Table 1. Relative importance of different routes of contamination of 
intravascular catheters. 



Author 


Catheters 

N 


Dwell 

Time 

(d) 


CRBSI 


Hub 


Skin 


Mixed 


Other" 


Cercendado 

(27) 


139 


8.6 


53” 


12 


30 


8 


3 


Llop 

(8) 


3632 


13 


179 


50 


28 


35 


66 


Fan 

(28) 


156 


15 


11 


1 


4 


2 


4 


Cicco 

(29) 


109 


18.2 


6 


3 


3 


" 


” 


Linares 

(17) 


22 


20 


20 


14 


2 




4 


Segura 

(30) 


400 


23 


24 


9 


5 


2 


8 


Saizman 

(23) 


113 


23.9 


28 


21 


7 


■ 


” 


Weightman 

(31) 


42 


114 


11 


8 


- 


- 


3‘ 



a) Hematogenous seeding, infiisate contamination, unknown. 

b) Positive catheter tips 

c) Incomplete cultures. 



TYPE OF MICROORGANISMS AND INTERACTION WITH 
CATHETER MATERIAL 

There are particular local or systemic circumstances facilitating catheter 
colonization and/or hloodstream seeding hy a specific microorganism. In a 
colonization study of 3,632 parenteral nutrition central lines (mean dwelling 
time of 13 days), Llop et al. (8) were able to identify factors favoring 
catheter colonization hy each of the microorganisms most commonly 
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involved in CRBSI: coagulase-negative staphylococci, S. aureus, gram 
negative rods and fungi. 

Coagulase-negative staphylococci were involved in 487 (60%) of the 823 
colonized catheters. The rate of colonization/bacteremia for these bacteria, 
however, was the lowest: only 82 out of these 487 colonized catheters 
resulted in CRBSI. The corresponding figure for gram negative rods was 
51/146; for fungi 13/22 and for S. aureus 25/102. Other microorganisms such 
as streptococci, Corynebacterium spp., Bacillus spp, and enterococci, 
showed a similarly low degree of bloodstream invasiveness (13/91). Thus, 
not all microorganisms colonizing catheter tips exhibit the same potential for 
symptomatic blood seeding. 

Fungal catheter colonization had the strongest association with dwelling 
time, possibly because extensive skin, pharyngeal or gastrointestinal 
colonization by Candida spp. in the non-immunocompromised host tends to 
appear relatively late in the course of the disease, usually as a consequence 
of repeated abdominal surgery and prolonged antibiotic treatment. 

Catheter colonization by gram negative rods and fungi, but not by 
coagulase-negative staphylococci, was strongly associated (OR >7) with the 
presence of a distant septic focus. The reasons for these appear to be 
multiple: skin colonization by microorganisms present in the distant focus, 
hematogenous seeding of the catheter, selection of flora by the associated 
antibiotic treatment and cross-contamination during the manipulation of the 
catheter hub. 

The interaction of microorganisms with catheter material has been the 
subject of much interest. Material rugosity, chemical composition and 
biofilm formation are some of the most relevant research areas in this field. 
In experimental studies (16) silicone catheters have been shown to elicit 
more inflammatory changes in the soft tissues surrounding the catheter and 
to facilitate S. aureus infections. There is no evidence, however, that catheter 
material has a measurable impact on CRBSI rates in humans. 

The case of the coagulase-negative staphylococci. S. epidermidis and 
other coagulase-negative staphylococci such as S. hominis or S. 
haemolyticus, are responsible for about two-thirds of CRBSI. They represent 
the main skin commensals (not only in patients but also on the hands of 
healthcare workers!) and have a particular facility to adhere and replicate on 
plastic surfaces. The mechanisms of coagulase-negative staphylococci 
contamination are starting to be unveiled. Atela et al. (32) investigated the 
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dynamics of catheter segment contamination by these bacteria using strain 
delineation and reached important conclusions. They were able to show that: 

1) Contamination of external catheter segments and skin entry site is 
often transient either because of the biological characteristics of the 
microorganisms or the effects of line manipulation and dressing 
changes; 

2) The same microorganisms could be found in superficial cultures of hub 
or skin in less than 30% of catheters with positive tips for coagulase- 
negative staphylococci; 

3) Around of 80% of catheter contaminations by the coagulase-negative 
staphylococci were polyclonal; 

4) Two-thirds of instances of hub contamination took place during the 
first 10 days after insertion. 

Thus, it appears that different strains of coagulase-negative staphylococci 
can be found in superficial cultures soon after catheter insertion, that 
permanent colonization is not the rule and that polyclonality is so common 
that the usefulness of strain delineation for the diagnosis of CRBSI can be 
challenged. Polyclonality has also been described in endocarditis due to S. 
epidermidis (33) and adds further difficulties to the understanding of these 
infections. 

The mechanisms of bacterial adherence 

Bacterial adherence on catheter surfaces is a complex phenomenon 
resulting from an interplay of at least three factors: the catheter material 
(rugosity and polarity), the host response (biofilm formation) and bacterial 
adhesion factors. Much progress has recently been made on the mechanisms 
whereby bacteria adhere to foreign body surfaces, a process designed to 
anchor them in a nutritionally advantageous environment in which, in 
addition, they become protected from host defenses and antibiotics. 

Early in vivo work with the scanning and transmission electron 
microscope (Figure 3) demonstrated that microorganisms become buried 
within the pits and creaks of the very irregular intravenous catheter surfaces, 
often between epithelial cells desquamated from the skin at the time of 
catheter insertion (34) This process is much facilitated by the biofilm 
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generated by the host and also by the production of adhesins and mucoid 
substances by the bacteria and fungi themselves. 

Biofilm formation is largely a response of the host against a foreign body 
and appears to be facilitated by rough surfaces and hydrophobic materials. It 
essentially consists of the deposition of proteins on the surface of the device 
in which epithelial cells, inflammatory cells and the microorganisms 
themselves become trapped. Host proteins involved are predominantly fibrin 
and fibronectin. To these, multiple bacterial products, broadly referred to as 
extracellular polymeric substances, are added on. Furthermore, the infusate 
itself, particularly if it contains TPN mixtures, can leave residue on the 
surface of the catheter. The resulting structure of the biofilm is not a mere 
homogeneous monolayer of slime but is a heterogeneous multilayer habitat, 
both in space and over time, with “water channels” that allow transport of 
essential nutrients and oxygen to the cells and microorganisms growing 
within the biofilm (35) The progression leading to a mature biofilm requires 
changes in bacterial gene expression which seem to be induced by 
environmental stimuli. 

RISK FACTORS FOR CATHETER INFECTIONS 

Some clinical variables influence the rates of CRBSI by favoring catheter 
contamination by either the extraluminal or endoluminal routes. These have 
been recently reviewed in depth by Safdar et al. (36), thus only a focused 
overview is presented here. 

Indwelling time. Indwelling time has been repeatedly shown to be one of 
the most important risk factors for CRBSI (36-38). The relationship between 
dwelling time and CRBSI can be described as bimodal, at least in the 
hospitalized patient. There seems to be an incidence peak early after 
catheterization (<10 days) in relation with extraluminal contamination and an 
exit-site infection and, and a second one occurring after the second 
catheterization week, which most usually represents contamination by the 
endoluminal route. The higher rates of CRBSI associated with TPN or 
hemodialysis catheters are probably due to a long indwelling time rather than 
to specific local or systemic factors. 

Access site. Several studies have reported increased CRBSI rates for the 
jugular and femoral approaches compared to the subclavian or peripheral 
insertion accesses (36-38). In the study of Flop et al. (8), the internal jugular 
access showed the highest colonization and CRBSI risks for the coagulase- 
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negative staphylococci, S. aureus and gram negative rods. Increased 
colonization of internal jugular catheters may be explained by the rugosity of 
the skin area, problems with catheter and dressing fixation and the growing 
beard, in male patients. Tunneling internal jugular catheters to the subclavian 
area has shown significant benefit in reducing CRBSI rates (39) and this is 
probably not due to the effect of simply prolonging the subcutaneous tract 
but rather to converting a jugular skin entry-site into a subclavian site. Thus, 
from extensive epidemiological studies it can be concluded that the risk of 
catheter colonization according to access sites in an ascendent order would 
be subclavian = basilic < femoral < intemaljugular. 

Number of hubs 

Multiple lumen catheters have been associated with an increased 
infection rates in some studies (40-42) but not in others (43-44) Since any 
increase of the CRBI rates for multiple lumen catheters should be ascribed to 
the increased likelihood of endoluminal contamination, studies such as that 
of Gil et al. (43). with a mean indwelling time of less than a week may not 
appropriately reflect the higher potential for CRBSI of these devices. With 
increased dwelling time, however, the number of hubs can make a 
difference. The study ofLlop et al. (8) sheds new light on this controversy. 
In their study, an increasing number of lumens tended (P=0.05) to facilitate 
colonization by the coaguase-negative staphylococci, a group of 
microorganisms particularly involved in endoluminal contamination. For 
other microorganisms the number of lumens had no impact on colonization 
rates either because the sample was small (fungi; P=0.1) or because they are 
commonly involved in extraluminal contamination (gram negative rods or S. 
aureus). 

Parenteral nutrition and infusate-related CRBSI 

TPN has not been identified as an independent risk factor for CRBSI in 
multivariate analysis (37). Increased CRBSI rates attributable to lipid 
administration was suggested in one epidemiological study in which S. 
epidermidis bacteremia was detected more often in neonates receiving lipids 
(45). The most probable culprit of thess high CRBSI rates, however, was the 
lipid administration system favoring endoluminal contamination and not fat 
per se (46). Thus, the higher risk of CRBI occasionally found in patients on 
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TPN can be attributed to confounding factors such as the catheterization 
time, which is superior for TPN catheters than for other types of lines, and 
frequent manipulation of hubs. 

Aseptic mixing of different TPN components is essential to avoid 
infusate -related CRBSI that can be fatal. Many environmental (mesophilic) 
microorganisms such as Candida spp., coagulase negative staphylococci. 
Bacillus spp., E. cloacae, or E. coli can grow luxuriously in TPN bags at 
room temperature. Bacterial growth in TPN solutions, however, is very 
sensitive to temperature (47). At 4°C all bacterial growth ceases and, for this 
reason, storage of up to a week of TPN mixtures is allowed at this 
temperature (48). Some psycrophilic bacteria, however, such as P. cepacia, 
P. fluorescens or Stenotrophomonas maltophilia grow at rather low 
temperatures (8°C) and their isolation from blood in patients receiving TPN 
should alert the physician to look for potential infusate contamination. 

Understaffing and education 

The role of proper training of personnel handling central lines cannot be 
overemphasized. In the Fridkin et al. case-control study (49) the prevalence 
of CRBSI almost doubled during a time period in which a parallel decrease 
in the number of nurses took place. Understaffing was identified by these 
authors as a major circumstance predisposing to CRBSI. Interestingly, this 
outbreak could not be controlled by introducing antibiotic-coated catheters, 
thus emphasizing, once more, that present day technology cannot be 
considered as a substitute for the time-honored principles of catheter 
insertion and care. For this reason, we cannot agree with the current CDC 
recommendation (50) that antibiotic-coated catheters should be used “when 
after implementing a comprehensive strategy to reduce rates of CRBSI, the 
CRBSI rates remain above the goal set by the individual institution”. This is 
a misleading sentence that suggests an unrealistic solution. 

Finally, education and proper training will have an increasing importance 
in the times to come. Frequent rotations, the disappearance of intravenous 
teams, and leaving responsibility for vascular access to young trainees, are 
common circumstances facilitating suboptimal catheter insertion and hub 
handling. The issue has been extensively demonstrated in two recent 
outstanding articles that stress the importance of proper training and 
continuous education at the institutional level as a protection variable against 
CRBSI (51-52). 
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Introduction 

The diagnosis of catheter-related infection can be a challenge. Frequently, 
the clinician is presented with a febrile patient without another apparent 
source of infection. The question then arises: Should the catheter be 
removed? Studies and recent guidelines from the Healthcare Infection 
Control Practices Advisory Committee (HICPAC) and the Centers for 
Disease Control (CDC) suggest that fever alone should not be an indication 
for catheter removal (1). This chapter reviews the available methods to 
document catheter infection either by catheter removal or by using 
techniques that attempt to determine infection with the catheter left in place. 

Implicit in the diagnosis of catheter-related infection is a standard, widely 
accepted definition. Unfortunately, there is no “gold standard” definition and 
confusion regarding clinical definitions and research definitions exist (2). 
Table 1 is one proposed set of definitions (1). 

An additional problem associated with the diagnosis of catheter-related 
infection and catheter-related bloodstream infection (CRBSI) is the reliance 
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on antibiograms (antibiotic susceptibility profiles) to determine if bacteria 
from the 

Table 1. Definitions Of Catheter-Related Infection And Catheter-Related 
Bloodstream Infections (I). 



Table I 



Examples of Clinical Definitions 
For Catheter-Related infections 



Localized Catheter Colonization 
Sifniricanl growth of a microorganism (e.g- > I S colony forming 
units (CPU)) from die catheter tip.subculaneous segment of the 
catheter, or catheter hub 

Exit Site Infection 

Erythema or induration within 2 cm of the catheter exit site, in (he 
absence of concomitant bloodstream infection (BSI) and without 
concomitant punilence 

Clinical Exit Site Infection (Or Tunnel Infection) 

Tenderness, erythema, or site induration >2 cm from the catheter site 
along the subcutaneous tract of a tunneled (e.g. Hickman or Broviac) 
catheter, in the absence of concomitant B51 

Pocket Infection 

Purulent fluid in the subcutaneous pocket of a totally implanted 
intravascular catheter that might or might not be associated with 
spontaneous rupture and drainage or necrosis of (he overlaying skin, in 
the absence of concomitant BSI 

Infusate-Related BSI 

Concordant growth of the same organism from the infusate and 
blood cultures (preferably percuianeously drawn) with no other 
idenliftable source of infection 

Cathstsr-Rslatsd BSI 

Bacteremia/fungemia in a patient with an intravascular catheter with 
at least one positive blood culture obtained from a peripheral vein, 
clinical manireaiations of infections (i.e., fever, chills, and/or 
hypotension), and no apparent source for the BSI except the catheter. 
One of the following should be present: a positive semiquantitaiive 
(>1S CPU/catheter segment) or quantitative (>I0* CFU/catheter 
segment) catheter culture whereby the same organism (species and 
anlibiogram) is isolated from (he catheter segment and peripheral 
blood; simultaneous quantitative blood cultures with a aS:l ratio 
between catheter and peripheral blood cultures; lime difference of > 2 
hours between a catheter blood culture and peripheral blood culture. 

Clinical Sopsia 

Should meet at least one of the following criteria: 

Criterion I: Patient has alleasi one of (he following clinical signs 
with no other recognized cause: fever (>100.4*F [>38*C1), 
hypotension (systolic pressure <90 mm Hg), or oliguria (<20 mL/hr>. 
and blood culture not done or no organisms or antigen detected in 
blood and no apparent infection at another site, and physician 
institutes treatment for sepsis. 

Criterion 2: Patient aged <1 year has at least one of the following 
clinical signs or symptoms with no other recognized cause; fever 
(>I00.4*F [>38‘C]), apnea, or bradycardia, and blood culture not done 
or no organisms or antigen detected in blood and no appareot infection 
at another site, and physician institutes treatment for sepsis. 

Cathater-Associated BSI 

Defined by the following: 

• Vascular access device that terminates at or close to the heart or 

one of the great vessels. An umbilical artery or vein catheter is 
considered a central catheter. 

* BSI is considered to be associated with a central catheter if the 

catheter was in use during the 48-hour period before 
development of the BSI. If the lime interval between onset of 
infection and device use is >48 hours, there should be 
compelling evidence that the infection is related to the central 
catheter. 



Survalllanca Definitions for Primary 
Bloodstream Infections (BSI), National Nosocomial 
Infections Survalllsnce System 

Laboratory-Confirmed BSI 
Should meet at least one of the following criteria; 

Cnterion I : Patient has a recognized pathogen cultured from one or 
more blood cultures, and the pathogen cultured from the blood is not 
related to an infection at anolhersite. 

Criterion 2: Patient has at least one of (he following signs or 
syrnfMoms: (>)00.4*F [>38*C]), chills, or hypotension, and at least one 
of the following; 

1. Common skin contaminant (e.g.. diphtheroids. Bacillus spp.. 

Bropionibacterium spp., coagulase-negalive staphylococci, or 
micrococci) cultured from two or more blood cultures drawn on 
separate occasions. 

2. Common skin contaminant (e.g , diphtheroids. Bacillus spp., 

Proptonibactertum spp., coagulase-negalive staphylococci, or 
micrococci) cultured from at Icmi one blood culture from a 
patient with an intravenous catheter, and the physician institutes 
appropriate anlimicrobia) therapy. 

3. Positive antigen lest on blood (e.g.. Hemophilus influenzae. 

Streptococcus pneumoniae. Neisseria meningitides. or group B 
streptococcus). 

and signs and symptoms with positive laboratory results are not 
related to an infection at another site. 

Criterion S: Patient aged <1 year has at least one of the following 
signs or symptoms: fever (>100.4*F (>38*C]). hypothermia (<98.6* 
F (<37* Cl), apnea, or bradycardia, and at least one of the following: 

1. Common skin conuminani (e.g., diphtheroids, Bacillus spp., 

Fropionibocierlum spp., coagulasc-negative staphylococci, or 
micrococci) cultured from two or more blood cultures drawn on 
separate occasions 

2. Common skin contaminant (e.g., diphtheroids Bacillus spp., 

Bropionibacierium spp., coagulase-negative staphylococci, or 
micrococci) cultured from at least one blood culture from a 
patient with an intravenous caUieler, and (he physician institutes 
appropriate anlinucrobia) therapy. 

3. Positive antigen test on blood (e.g.. //emopAi/tu i/i/7urnzce. 

Streptococcus pneumoniae, Neisseria meningitides, or group B 
sueptococcus). 

and signs and symptoms with positive laboratory results are not 
related to an infection at another site. 

Aftorlal or Venous Infection 

Included are arteriovenous graft, shunt. Fistula, or intravenous 
cannulation. Should meet at least one of the following criteria: 
Criterion ]: Patient has organisms cultured from aneries or veins 
removed during a surgical operation and blood culture not done or no 
organisms cultured from blood. 

Criterion 2 Patient has evidence of arterial or venous infection seen 
during a surgical operation or hist<^a(hoh>gic examination. 

Criterion 3: Patient has at least one of the following signs or 
synq>toms with no other recognized cause: fever (>100.4*F |>38*C]), 
pain, erythema, or heat at involved vascular site and >15 CFUs 
cultured from an intravascular cannula (ip using a semiquanlitative 
culture method and blood culture not done or no organisms cultured 
from blood. 

Criterion 4: Patient has purulent draiiuge at the involved vascular site 
and blood culture not done or no organisms cultured from blood. 
Criterion 5: Patient aged <1 year has at least one of (he following 
signsot symptoms with no other recognized cause; fever (>100.4*F 
(>38*Ci). hypothermia (<98.6‘ F (<37* C]), apnea, bradycardia 
iediargy, or pain, erythema or heal at involved vascular site and >IS 
colonies cultured from intravascular cannula tip using semiquanlitative 
method and blood culture not done or no organisms cultured from 
blood. 
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blood and catheter are the identical. A number of studies using DNA typing 
of bacteria (particularly coagulase negative staphylococci) have indicated 
that using the antibiogram to validate a clonal etiology of the strains is not a 
valid nethodology (3). Hence, many times, the incidence of CRBSI will be 
overestimated if the susceptibility profile alone is used. 

DIAGNOSIS OF CATHETER INEECTION WITH REMOVAL OE 
THE CATHETER 

Semiquantitative Cultures 

Over 25 years ago, catheters suspected of causing infection were removed 
and cultured qualitatively in a broth solution. Catheters were classified as 
being either positive or negative for growth. Such a practice produced poor 
sensitivity and specificity for infection. In 1977, a semiquantitative technique 
was described for culturing catheter tips (4). Catheters were aseptically 
removed from the patient and the tip (5 cm) of the catheter was cut and rolled 
4 times across a blood agar plate. After 24-48 hours of incubation, colony- 
forming units (CFU) were counted. There was an association between a 
catheter yielding greater than or equal to 15 CPUs and inflammation at the 
insertion site. In addition, confluent growth on the blood agar plate occurred 
only in those patients with CRBSI. Unfortunately, the positive predictive 
value of the 15 CFU cutoff for CRBSI was only 16%. Nonetheless, because 
of its simplicity and reliability, the roll plate technique is the standard for 
diagnosing catheter-related infection and a catheter with a CFU count of 
greater than or equal to 15 is considered to be significantly colonized. In 
addition, a recent meta-analysis evaluating the utility of catheter-tip 
colonization (both semiquantitative and quantitative [vide infra]) as a proxy 
end point for CRBSI revealed a fairly good correlation between the two 
(Figure 1, r=0.69) (5). 
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CTC, events/1000 catheter-days 



Figure 1. Relationship between catheter-related bloodstream Infection (CRBSI) and 
catheter-tip colonization (CTC) utilizing data collated from 29 prospective studies 
on catheter-related Infection. (From Rijnders, et al. (5) with permission) 
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Quantitative Cultures 

During the 1980’s, investigations revealed that catheter-related infection 
due to intraluminal rather than external colonization occurred much more 
frequently than had been previously reported (6,7). Since the roll-plate 
method of culturing samples only the external surface of the catheter, 
instances of catheter-related infection or CRB SI due to luminal bacterial 
colonization might be missed. Several culturing techniques have been 
developed to assay both the external and luminal surfaces. 

One method involves immersing the suspected catheter in trypticase 
soy broth and flushing the lumen with broth (8). The broth media is serially 
diluted, inoculated onto blood agar plates and incubated for 72 hours at 
37oC. All patients who had CRBSI grew > 1000 CPU; thus, that density of 
growth was defined as the threshold for diagnosing catheter infection. 

Another methodology developed (9,10) was a quantitative technique in 
which a catheter tip is immersed in trypticase soy broth and sonicated in a 
water bath for one minute at 55,000 Hz. The broth is serially diluted onto 
blood agar plates and cultured for 48 hours. This technique also assays both 
the external surface and lumen of the catheter. CPUs of greater than or equal 
to 1000 are associated with CRBSI and catheter-related infection. This 
method has a higher sensitivity and an equivalent specificity for CRBSI 
when compared to the roll plate method (11). 

Special consideration must be given to antiseptic or antibiotic- 
impregnated catheters. Several investigations have shown that a significant 
amount of chlorhexidine and silver sulfadiazine is found in broth following 
sonication of the catheter. In addition, other studies have shown that the 
antimicrobial compounds readily elute from the catheter after sonication and 
during culture in the blood agar plate (12). Consequently, the bacterial load 
on the catheter may be underestimated. Use of antiseptic “neutralizes” may 
improve the diagnostic yield when using the sonication culturing method 
(13). Such an option is not available for antibiotic-impregnated catheters, but 
an ultracentrifugation and decantation method has been described which 
improved the accuracy of the sonication culture results (14). 
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Catheter Staining 

Because the results of the catheter cultures take several days, interest 
developed in the catheter stains to diagnose infection. 

One group of investigators (15) described a Gram stain technique of 
catheters that allowed rapid diagnosis of catheter infection. Upon removal, 
catheters were immersed in gentian violet for 10 seconds, washed with tap 
water, immersed in Gram’s iodine for 10 seconds, washed, decolorized with 
95% ethanol, washed, immersed in safranin for 10 seconds and washed 
again. The catheter was then microscopically examined under oil-immersion 
fields (200). A typical exam took 15 minutes. The authors defined a positive 
finding as 1 organism discovered per 20 oil-immersion fields. Compared to 
the roll plate method, this technique resulted in a sensitivity and specificity 
of 100% and 96.9%, respectively. 

Acridine orange (AO) binds to bacterial nucleic acid and stains the 
bacteria orange. This dye has been used as means to diagnose catheter 
infection (16). After catheter removal and fixing the catheters at 56oC for 2 
minutes, the catheters were immersed in AO for 3.5 minutes, washed in 
water and air dried. If the devices failed to fluoresce under xlOO 
magnification, they were considered negative. If fluorescence was present, 
magnification was increased to 1000 (oil-immersion) and the presence of 
organisms was determined. Compared to the roll plate method, the AO 
technique demonstrated a sensitivity of 84% and a specificity of 99%. AO 
detected all cases of CRBSI and the negative predictive value of the staining 
was 99%. 

Despite the availability of these techniques to diagnose catheter infection 
more rapidly than the traditional culture techniques, neither of these methods 
has gained wide-spread popularity, primarily because of the time required by 
the microbiology technician to perform the staining and microscopic 
examination (17). In addition, a subsequent study casts doubt on the utility of 
either of these methods to diagnose infection (18). 

Diagnosis of Infection with the Catheter in situ 

A more valuable diagnostic test would be one in which catheter infection 
could be diagnosed with the catheter in place thereby obviating the need to 
remove catheters that are not the cause of infection. 
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Insertion Site 

Clearly, if there is purulence at the exit site of the catheter, infection is 
present and the catheter should be removed. With signs of inflammation such 
as erythema, tenderness or warmth, catheter infection is likely and the 
catheter should also be removed. This caveat must be tempered with the 
realization that some catheter coatings may be associated with a higher risk 
of phlebitis (19). The lack of inflammation is not a reliable indicator of the 
absence of infection particularly in regard to infection with relatively 
avirulent organisms such as coagulase negative staphylococci (20). 

Quantitative Blood Cultures 

Although the data are conflicting, qualitative blood cultures drawn 
through catheters generally are confusing (if positive) and should not be 
performed unless a peripheral venipuncture is impossible (21). A number of 
studies have been published that have examined the utility of quantitative 
blood cultures drawn through the catheter with or without comparison to 
peripheral quantitative blood cultures. This method assumes that a large 
reservoir of bacteria resides in the lumen of the infected catheter and 
quantitative cultures will provide a reliable assay of the density of bacteria. 
Generally, these methods require use of a sterile non-bacteriostatic 
anticoagulant. The culture itself is most often accomplished using a pour 
plate technique although some investigators have inoculated chocolate blood 
agar plates with 0.5 ml of blood right at the bedside of the patient. One study 
(22) reported that quantitative blood cultures (cutoff of 15 CPU bacteria) 
drawn through a catheter suspected of causing infection had a sensitivity of 
100% and a specificity of 94% when compared to the roll plate method. In 
addition, the negative predictive value was 100% but the positive predictive 
value was only 60%. Other investigations have examined the differential in 
CPU counts between quantitative catheter and peripheral blood cultures. In 
one study, a ratio of greater than 7 (catheter blood/peripheral blood) achieved 
a sensitivity of 78% and a specificity of 100% to detect CRBSI23. Other 
studies have reported similar results. These techniques have not assumed 
widespread clinical use because of the time, cost and difficulty required to 
perform the cultures. 




48 



Catheter-Related Infections in the Critically III 



Quantitative Skin Cultures 

One of the primary mechanisms by which catheters become colonized 
and ultimately cause infection is growth of bacteria on the skin and 
propagation along the subcutaneous tract traversed by the catheter. As a 
consequence, there may be a link between the density of microbial growth at 
the insertion site and catheter-related infection. Some studies have shown 
that quantitative skin cultures are of value in either predicting or excluding 
catheter-related infection. However, in depth investigations using molecular 
epidemiology have shown that skin colonization with bacteria is a dynamic 
process and the correlation between skin organisms and bacteria on the tip of 
the catheter is poor. Using pulsed-field gel electrophoresis to identify 
accurately individual strains of bacteria, a positive predictive value of 
approximately 19% for quantitative skin cultures to predict catheter-related 
infection was reported24. A negative culture may be of value in excluding 
catheter-related infection in that the negative predictive value exceeded 80%. 

Differential Time to Positivity 

Automated blood culturing instruments sample media for bacterial growth 
throughout the day. When bacterial growth reaches a threshold density based 
on the level of fluorescence, carbon dioxide production or pH, the instrument 
reports a growth index and the culture is considered “positive”. The media is 
removed for subculture and Gram stain. Rogers and Oppenheim were one of 
the first to evaluate the link between microbial inoculum and the time to the 
determination of a positive blood culture (“positivity”) (25). They found in 
an in vitro study that the time to positivity of a blood culture was strongly 
correlated with the initial bacterial inoculum. There was an average decrease 
of 90 minutes for a blood culture to register as positive for each 10 fold 
increase in the bacterial concentration. Independently, another study showed 
a logarithmic relationship between the initial inoculum and time to positivity 
of the blood culture (Figure 2). These investigators reasoned that a blood 
culture drawn through a catheter with a large inoculum of bacteria in the 
lumen would become positive more quickly than a blood culture obtained 
from a peripheral vein (26). Consequently, they evaluated 64 patients with 
suspected CRBSI and performed paired blood cultures. The differential time 
to positivity was substantially greater in patients who had documented 
CRBSI. A cutoff of 120 minutes (time between the catheter blood culture 
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Figure 2. Relationship between initial microbial inoculum and time for the blood 
culture to become positive. (From Blot, et al. (26) with permission) 
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Figure 3. Differential time to positivity of paired blood cultures in patients with catheter- 
related sepsis, infection of other causes and indeterminate diagnoses. (From Blot, et al. 
(26) with permission) 
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turning positive and the peripheral Wood culture turning positive) showed a 
sensitivity of 96% and a specificity of 100% for the diagnosis of CRB SI 
(Figure 3). This analysis excluded 22 patients in whom the diagnosis of 
CRBSI was uncertain because only one of the two Wood cultures was 
positive. In a follow up study, 93 catheters were removed because of the 
suspicion of catheter-related infection. Using a cut-off of 120 minutes, these 
investigators demonstrated similar findings for paired blood cultures that 
were positive (27). Nineteen catheters had discordant cultures: either the 
catheter blood culture was positive and the peripheral blood culture was 
negative or vice versa. Of these, there were 3 confirmed cases of catheter- 
related infection. More recently, another group of investigators studied 21 
patients with suspected catheter infection (28). They used receiver operating 
characteristic (ROC) curves to determine the optimal threshold for the 
differential time point and determined that the optimal cutoff point was 3 
hours (rather than 2). The specificity was 100% and sensitivity was 81%. It is 
noteworthy that these three studies were all from cancer referral centers 
where a significant proportion of catheters were tunneled and long term: a 
situation where endoluminal colonization assumes more importance in the 
pathogenesis of catheter-related infection. Results from a different (albeit 
small) study where catheters were removed from patients with suspected 
catheter-related infection hospitalized in a mixed medical/surgical ICU failed 
to show a benefit of the differential time to positivity (DTTP) test (29). The 
sensitivity was only 25% and the positive predictive value was 33%. The 
implication from this study is that for short term catheters, DTTP may be less 
valuable because most infections in this population occur via the 
subcutaneous route. However, there are abstracted data which cast doubt on 
this conclusion (30). Clearly, more data from larger and more diverse patient 
populations are needed before the role of DTTP in the in situ diagnosis of 
CRBSI can be determined with certainty. 

Endoluminal Brush 

The endoluminal brush is a sterile nylon bristled tapered brush (8 mm long) 
attached to a stainless steel wire and enclosed in a polythene sleeve (Figure 
4). The brush is introduced into one of the hubs of the catheter and advanced 
to the tip of the catheter. After removal, the bmsh is cut sterilely and placed 
in a sterile container with 1 ml of phosphate buffered saline (PBS). The 
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container is sonicated and vortexed. The PBS is inoculated onto blood agar 
plates and cultured. Significant growth is considered to be > 1000 CPUs. 

In a study involving 230 central venous catheters, endoluminal brushing 
demonstrated a sensitivity of 95% and a specificity of 84% for the diagnosis 
of CRB SI compared to a sensitivity of 82% and a specificity of 66% for the 
roll plate method (31). By contrast, a different group of investigators failed 
to show in a smaller study that this sampling brush was of benefit in the in 
situ diagnosis of catheter-related infection (32). Of note, however, these 
investigators did not sonicate the brush before quantitative cultures were 
performed. Such a difference in culture methods could explain the discordant 
results. Finally, there are some data suggesting that if the endoluminal brush 
is extended to the tip of the catheter, bacteria can be expelled into the 
circulation. If the brush is not advanced within 2 cm of the catheter tip and 
blood is aspirated from the lumen following brushing, a bacteremia is 
unlikely to be induced (33). 




Figure 4. The endoluminal brush. (From van Heerden, et al.^^ with permission). 
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Acridine-Orange Leukocyte Cytospin (AOLC) Test 

The AOLC test is another means of diagnosing catheter-related infection. 
In this technique, blood is aspirated and treated with edetic acid (EDTA). 
The sample is mixed with a formalin-saline mixture and centrifuged. The 
pellet is vortexed and transferred to a cytospin cupule and centrifuged again 
in a cytocentrifuge. The resulting pellet is placed on a microscope slide, heat 
dried and then stained with acridine orange. After examination under at least 
100 high powered fields, the presence of at least one microorganism is 
considered positive. In a study of 128 cases of suspected CRBSI, this method 
compared favorably with the roll plate methods and endoluminal brush 
methods (34). In contrast, others (35) have not found the AOLC test sensitive 
enough to detect catheter-related sepsis; however, when it is combined with 
endoluminal brushing, the sensitivity improves significantly. Although this 
method appears to be at least as accurate as the “gold standard” for 
diagnosing CRBSI and can diagnose infection with the catheter in place, it is 
labor intensive and for this reason may not supplant other methods of 
diagnosing infection. 

Serological Tests 

Some of the most common organisms causing CRBSI include 
Staphylococcus aureus and Staphylococcus epidermidis. Both of these 
bacteria produce an extracellular material that has been identified as a short- 
chain length form of lipoteichoic acid (36). Patients develop IgM and IgG 
antibodies to this product; hence, these antibodies may serve as a serological 
marker for catheter infection caused by these bacteria. 

An enzyme-linked immunosorbent assay (ELISA) for these antibodies 
has been developed (36) and used to determine whether it would have 
detected CRBSI in a group of patients with known catheter-related sepsis. 
The controls were a group of patients with central venous catheters without 
any evidence of sepsis. There were significant differences in mean IgG and 
IgM titers between the two groups but there was significant overlap in IgM 
titers (Eigure 5). The IgG titer had sensitivity of 75% and specificity of 90% 
for the diagnosis of catheter-related sepsis compared to traditional clinical 
and microbiological criteria. Eurther study will be required to determine the 
role, if any, for this novel serological test in the diagnosis of catheter-related 
infection. 
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Figure 5. Scatter plots of IgG titers from patients with catheter-related sepsis and 
control patients. Points above the line (20,000 cut-off point) are considered a 
positive test. (From Elliott, et al.36 with permission). 
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CONCLUSIONS 

Despite recent advances in the diagnosis of catheter-related infection with 
the catheter in situ, confirmation of the diagnosis still requires either the 
removal of the catheter and clinical improvement of the patient with signs of 
sepsis (e.g. defervescence and decreasing white blood cell count) or cultures 
from the removed catheter and peripheral blood yielding the same organism. 
Of the recent efforts to confirm the diagnosis of infection with the catheter in 
place, differential time to positivity remains the most simple and cost 
effective. However, further data will be required to define the utility of this 
method in the diagnosis of catheter-related infection and CRBSI. 
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Introduction 

Intravascular catheters, mainly central venous catheters (CVCs), are 
widely used in the management of critically ill patients who are thereby 
exposed to intravascular catheter-related infections (CRIs) resulting in 
increased hospital costs, duration of hospitalization, and patient morbidity 
( 1 ). 

Clinical findings are not sufficient to establish the diagnosis of CRIs (2), 
which relies on microbiological criteria. Following a brief overview of the 
clinical pictures leading to the suspicion of CRI, we will focus on the 
microbiological tools available to establish the diagnosis, with or without 
catheter removal. 

PATHOGENESIS 



The two major pathways (extraluminal and intraluminal routes) involved 
in the colonization of the catheter occur at different times during 
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catheterization (3). Overall, about 65% of CRIs originate from the skin, 30% 
from the contaminated hub, and 5% from other pathways (3). The 
extraluminal route (from the cutaneous entry site) predominates for short- 
term catheters, such as those inserted in the intensive care unit (ICU). 
Endoluminal contamination is the predominant portal of entry for long-term 
catheters, such as in total parenteral nutrition or in cancer patients (4,5). 
Although CRIs will be better diagnosed in critically ill patients by techniques 
exploring the extraluminal pathway of colonization, ideally, methods 
exploring both the external and internal surfaces of the catheter tip would be 
appropriate, whatever the mechanism involved. 

DEFINITIONS AND CLINICAL DIAGNOSIS 

Localized infections (confined to the catheter and surrounding tissues), 
and systemic infections (all types of bloodstream infections = CR-BSIs) must 
be considered separately. 

Apart in some particular cases, clinical findings lack sensitivity or 
specificity to establish a definite diagnosis of CRT In particular, local 
inflammation is not significantly associated with CRI, with the exception of 
gross pus at the catheter-exit site. In a recent study, the rate of colonized 
CVCs was similar whatever the indication for catheter removal: systemic 
sepsis (36.7%), local sepsis (36.4%), CVC no longer required (31.3%) or 
death (30%) (6). 

Local Infections 

Exit-site infections are defined by erythema, local warmth, tenderness, in 
duration, or purulence within 2 cm of the catheter exit site (1). In tunnel 
infections these signs overly the catheter and are >2 cm from the exit site (1). 

Inflammation at the catheter exit site is a poor indicator of the diagnosis 
of CRI (7). Purulence around the CVC in the presence of bacteremia is 
highly specific but poorly sensitive. 1 In addition, there is no significant 
association between CRI and the presence of swelling, tenderness, or 
extravasation of fluid at the insertion site (8). 
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Systemic Infections 

Catheter-related bloodstream infections (CR-BSI) are defined by the 
isolation of the same organism from a catheter segment culture and from the 
blood of a patient with accompanying clinical symptoms of bloodstream 
infection (BSI), in the absence of other apparent sources of infection. 1 
Infusate -related BSIs are defined by isolation of the same microorganism 
from infusate and from separate percutaneous blood cultures, without other 
identifiable sources of infection (1). Finally, when CR-BSI fails to resolve 
upon catheter removal and despite appropriate antimicrobial therapy, a 
suppurative thrombophlebitis should be suspected. 

Fever, with or without chills, is the most sensitive finding (but has poor 
specificity) for the diagnosis of CR-BSI (1) especially in critically ill 
patients. In the absence of laboratory confirmation, the disappearance of the 
sepsis syndrome or return to normal body temperature after catheter removal 
may be considered indirect evidence of CR-BSI (1,9) Finally, a CR-BSI is 
likely when blood cultures grow a common skin organism (such as 
coagulase-negative staphylococci, Propionibacterium spp., micrococcus, or 
Bacillus spp.). Staphylococcus aureus or Candida spp., and no apparent 
source of sepsis other than the catheter is identified (9). 

CATHETER-TIP CULTURE TECHNIQUES 
Qualitative Broth Culture 

A definite diagnosis of CRI traditionally requires the removal of the 
catheter or guidewire exchange for culture of the catheter tip. 

Qualitative broth cultures of the catheter tip by immersion in liquid 
medium are highly sensitive but poorly specific, and do not allow to 
distinguish between colonization and infection (3). The effect of 
contamination of the skin exit site and the subcutaneous tunnel on the 
accuracy of CVC tip cultures has been studied in an in vitro model: (10) 
pulling a catheter through a contaminated area results in catheter-tip 
contamination, and organisms can be dislodged from the surface of the distal 
segment of the catheter when it is pulled through an agar tunnel. 
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Semi-quantitative Catheter-Tip Culture 

The semi-quantitative roll plate method, popularized by Maki et al. (7), 
allows to distinguish infection from contamination, and is highly efficient in 
diagnosing CRT The external surface of the distal segment (4-5 cm) of the 
catheter is rolled on a blood agar plate and subsequently incubated at 37°C 
for 48 hours. A threshold of 15 colony forming units (cfu) is significantly 
correlated with local signs of inflammation (Table 1). 

This technique, which explores only the external surface of the catheter, 
has some important limitations. First, the threshold of 15 cfu for positivity of 
the semi-quantitative culture was built on the presence or absence of local 
inflammation (7), but correlation with clinical criteria of infection was not 
indicated in the study. Second, as the study included a large majority of 
peripheral short-term catheters, the validity of extrapolation to CVCs 
(especially long-term intravascular devices for which intraluminal 
colonization predominates) remains to be proven. Third, the technique lacks 
specificity (20-50%) (3). 

Table 1. Catheter-tip Culture Methods. 
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ICU; intensive care unit 
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CRl; catheter-related infection 

Cfu/ml: colony fonning units per milliliter 
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For these reasons, other thresholds for significant colonization of the 
catheter have been evaluated, but with disappointing results. In the study of 
Collignon et al. on 780 CVCs inserted in 440 critically ill patients, the 
sensitivity and specificity of a threshold of 5 cfu were 92% and 83% 
respectively, with a negative predictive value of 99.8%. The positive 
predictive value of only 8.8%, linked to the low incidence of CR-BSIs (2%), 
was not significantly improved (9.8%) when the threshold was increased to 
100 cfu (11). Kristinsson et al. studied prospectively 236 CVCs using roll- 
plate culture, combined with tip-flush and ultrasonication techniques (12). 
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Although the negative predictive values were high (99% and 93% for 
thresholds of 15 and 100 cfu, respectively), the positive predictive values 
remained low, 46% and 56%, respectively). Similar findings were reported 
by Rello et al. in critically ill patients using thresholds of 15 and 50 cfu (13). 

Interestingly, a study of 197 CVCs comparing the value of semi- 
quantitative tip cultures plated at the bedside with those cultured in the 
laboratory suggested that bedside plating could be more sensitive than roll 
plate cultures performed in the laboratory (14). It is conceivable that 
organisms such as Candida spp., known to thrive in moist environments, may 
not survive for a prolonged period on dry plastic surfaces. 

In summary, although physicians have to be aware of the limitations of 
the roll-plate culture, the semi-quantitative culture technique is considered as 
easy and fast, and remains the most commonly used method world-wide for 
the diagnosis of significant catheter-tip colonization. 

Quantitative Catheter-Tip Culture Techniques 

The quantitative tip-flush technique proposed by Cleri et al. permits to 
explore only the internal part of the CVC (15) and demonstrated that when 
using a threshold for positivity of 103 cfu/ml, a good correlation with 
catheter-related bacteremias was shown. 

However, the method is cumbersome and not always easy to perform. 
Therefore, a simplification of the technique for routine clinical practice using 
catheter vortexing in sterile water was proposed by Brun-Buisson et al, with 
the advantage of exploring both the external and internal surface of the 
catheter (16) A threshold of 103 cfu/ml was correlated with systemic signs of 
infection, with or without catheter-associated bacteremia, and exhibited high 
specificity (88%) and sensitivity (97.5%) in critically ill patients with a CVC 
in place for several days (Table 1). 

Another technique for quantitative catheter-tip culture using 
ultrasonication to dislodge bacteria adherent to the catheter gave similar 
results (17). The sonication method allowed quantitation of the number of 
cfu removed from a catheter of between 102 and 107 cfu. For catheter 
cultures in which > 102 cfu grew, the likelihood of positive blood cultures 
for the same organism increased with the number of organisms recovered 
from the catheter (Table 1). Disadvantages of the method include the need 
for additional equipment, and the difficult standardization of the ultrasound 
technique. 
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Comparison of Catheter Culture Techniques 

The different mechanisms of colonization of the intravascular part of the 
catheter may explain some discrepancies between the catheter-tip culture 
techniques. The optimal technique to determinine that the catheter is the 
source of BSI should be independent of the duration of placement and the 
route of colonization. 

Only quantitative or semi-quantitative cultures of catheters are 
recommended by the Guidelines for the Management of Intravascular CRI.l 
Sensitivity and specificity are dependent on the definition used for the 
diagnosis of CR-BSI, which may result in potential misclassification bias 
(18) Receiver operating characteristic (ROC) analysis has been used to 
determine which culture technique proposed for the diagnosis of CR-BSI 
offers the best overall performance. In a meta-analysis focusing on the 
diagnostic tools for CRI (18) it has been suggested that the diagnostic 
accuracy increased with better quantitation (i.e., quantitative > semi- 
quantitative > qualitative methods) (19). In a recent study, Kite et al. 
reported that the specificity of the roll tip method was lower (55%) than the 
tip flush (76%) and the endoluminal brush (98%) techniques, whereas the 
sensitivity of all methods was greater than 90% (20). When several culture 
techniques were compared for the diagnosis of triple-lumen CRI, sonication 
was 20% more sensitive than the roll plate method (21). In conclusion, the 
vortexing or ultrasonication techniques, which take into account both the 
external and internal surfaces of the device, presently represent the optimal 
methods for the diagnosis of CRI, whatever the route of colonization and the 
duration of placement. 

Diagnosis of CRI in Pulmonary Artery Catheters 

To diagnose pulmonary artery CRIs, the need to culture the distal 
segments of both the pulmonary artery catheter and the indwelling introducer 
has been emphasized (22). Recently, we reported that colonization of the 
introducer and the Swan-Ganz catheter were dissociated in 6 of 7 episodes of 
CRI (23). Introducers were mainly colonized during the first 5 days, while 
Swan-Ganz catheter colonization occurred later, thus suggesting that 
extraluminal contamination of introducers occurs early from the skin, 
whereas Swan Ganz contamination results from endoluminal contamination 
resulting from repeated handling. 
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DIAGNOSIS OF CRI WITHOUT CATHETER REMOVAL 

Only 15 to 25% of CVCs removed because of suspected infection actually 
prove to be infected upon quantitative catbeter-tip cultures (2,9). Therefore, 
diagnostic techniques have been proposed to establish the diagnosis of CRI 
in situ and to avoid unjustified catheter removal and potential risks 
associated with the placement of a new catheter at a new site or through 
guide-wire exchange. 

Culture of Entry Site and Catheter Hub 

Culture of skin and entry site of the catheter, and cultures of the hub have 
high sensitivity and high negative predictive value: they are therefore mainly 
destined to rule out the diagnosis of CRI (5). 

Cultures of the catheter entry site (Table 2) explore mainly the 
extraluminal contamination. In patients receiving total parenteral nutrition 
(24), the growth of > 1000 cfu at the catheter site was significantly associated 
with CRI. Using a threshold of 15 cfu in critically ill patients, the method 
was considered useful for assessing catheter colonization, whatever the 
reason for CVC removal (25). Mahe et al. found that sensitivity, specificity, 
and positive and negative predictive values of skin culture for detection of 
CVC colonization in ICU patients were 92.3%, 52.7%, 32%, and 96.7%, 
respectively (26). 

The values of targeted and surveillance skin cultures were compared in 
132 cancer patients with long-term CVCs (27). Targeted skin cultures were 
associated with a sensitivity of 75%, a specificity of 100%, a positive 
predictive value of 100%, and a negative predictive value of 92%, whereas 
operational values for surveillance skin cultures remained very low. 
Therefore, targeted quantitative skin cultures (when CRI is suspected) are 
useful to rule out the diagnosis of CRI, and surveillance skin cultures are not 
recommended. 
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Table 2. Hub and Skin Exit-Site Culture Methods. 
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Cultures of the catheter huh (Table 2), which explore mainly the 
endoluminal mechanism, are more useful in patients with long-term 
catheters. Indeed, in 50 critically ill patients with a median duration of 
catheterization of 7 days (25), there was no case of catheter colonization with 
negative skin cultures and positive huh cultures. Similar findings were 
reported hy Fortun et al. in 124 patients with nontunneled short-term CVCs 
(28). On the other hand, in patients on total parenteral nutrition, Sitges-Serra 
et al. showed that an infected huh was associated with an infected tip in 15 of 
17 episodes of CRI due to coagulase negative staphylococci (29). 

The respective predictive value for CR-BSI of huh and skin cultures was 
investigated in patients on total parenteral nutrition managed without 
removal of the central line (30) (Table 2). The negative predictive value of 
combined s ki n and hub cultures was 96%. A positive hub culture had a 100% 
positive predictive value for CR-BSI. In a population of inpatients housed in 
different hospital wards, Cercendao et al. (5) found that the predictive value 
of positive superficial cultures for the diagnosis of CRI was 66.2% and that 
of negative cultures, 96.7%. In the aforementioned study by Fortun et al. 
(28), the sensitivity of the combined skin and hub cultures increased to 
86.2%. It is reasonable to conclude that in patients with suspected CRI but 
negative superficial cultures, the diagnosis of CRI may be ruled out 
(5,28,31). 
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Quantitative Blood Cultures 

The aim of central venous (hub) quantitative blood cultures is to measure 
the number of microorganisms present in the blood drawn through the hub of 
the CVC. When a bacteremia is responsible for a CRI, the number of 
microorganisms retrieved by the hub blood culture is high, due to a purging 
effect of the infected lumen of the catheter. Pour plate cultures, lysis- 
centrifugation technique, and direct inoculation onto agar media are available 
for quantitative blood cultures. The lysis-centrifugation technique is effective 
in the rapid isolation of organisms from mixed cultures and is more sensitive 
than standard broth culture in detecting low inoculum size bloodstream 
infection caused by Enterobacteriaceae and yeasts, whereas contaminants are 
more frequent than in broth cultures (32). 

Quantitative hub-blood cultures have been evaluated in several studies 
(33,34) (Table 3a). Using a cut-off value of > 100 cfu/ml with the pour plate 
technique, the sensitivity and specificity of quantitative hub-blood culture 
were 82% and 100%, respectively, in 64 patients with catheters remaining in 
situ for a mean of 19 (3-65) days (34). In 179 cancer patients, semi- 
quantitative hub-blood cultures (using a threshold of 103 cfu/ml) had a 
specificity of 99%, but a sensitivity of only 20% for catheter tip colonization 
(33). Quantitative central blood cultures are therefore characterized by high 
specificity and high positive predictive value, allowing to establish the 
diagnosis of CRI in case of positivity. 

Table 3a. Quantitative Central Blood Culture Methods. 
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Paired Central and Peripheral Quantitative Blood Cultures 

When a CRI is present, the comparison of the microbial count between 
simultaneous hub and peripheral blood cultures shows an overload of 
bacteria on the central blood culture, compared to the peripheral blood 
culture. In other cases of bloodstream infection, the microbial counts are 
similar. 
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The value of differential quantitative blood cultures has been assessed in 
several studies (Table 3b). A significant differential colony count of 4 to 10:1 
for the CVC vs. the peripheral vein culture is indicative of CRI.34-37 
Rancher et al. showed that a 10-fold or greater difference in bacterial 
concentrations between the two specimens was indicative of CR-BSI in 
children with Broviac catheters (37). Using a cut-off of 4:1, a sensitivity of 
94%, with specificity and positive predictive values of 100% were obtained 
in patients hospitalized in different wards (35). Using pediatric Isolator® 
tubes in 58 bacteremic adult patients, a specificity and a positive predictive 
value of 100%, with slightly lower sensitivity (83%) and negative predictive 
value (78%) have been reported using a cut-off value of 3:1 (34). In practice, 
the differential colony count usually exceeds 50 or 100 in the case of proven 
CRT 



Table 3b. Paired Quantitative Central Blood Culture Methods. 
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Paired quantitative blood cultures have been validated recently for short- 
term catheters in the intensive care unit by Quilici et al. (38). ROC curve 
analysis was carried out by varying the catheter/peripheral cfu ratio. The 
combined sensitivity and specificity were most satisfactory at a ratio of 8. 
With the use of this threshold, differential blood cultures had a sensitivity of 
92.8% and a specificity of 98.8%. The specificity was 100% when the 
analysis was restricted to catheters removed because of suspected CRI. 

Despite the efficacy of the method, differential quantitative blood cultures 
are not routinely used in clinical practice, mainly because of their relative 
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complexity and cost. To overcome these problems, new diagnostic tools have 
been recently developed. 

Paired Central and Peripheral Non-Quantitative Blood Cultures 

The measurement of the differential time to positivity between hub-blood 
and peripheral blood cultures has been proposed by our group (39). The time 
to blood culture positivity may be measured in clinical microbiology practice 
using automatic devices. A given cut-off value, linked to the metabolism and 
to the number of microorganisms initially present, indicates that bacterial or 
fungal growth has occurred in the bottle. The higher the initial bacterial 
inoculum, the quicker this cutoff value is reached. In in vitro study,40 a 
linear relation between the initial concentration of various microorganisms 
and the time to positivity has been shown for all species tested. 

In patients with long-term catheters, an earlier positivity of central vs 
peripheral vein blood cultures was shown to be highly predictive of CRT A 
cut-off limit of 2 h had sensitivity and specificity above 95% for the 
diagnosis of CRI (40). These results have been confirmed by a prospective 
study (39): a definite diagnosis of CRI could be made in 16 of the 17 patients 
with the same threshold for the differential time to positivity of 2 h; overall 
sensitivity was 91% and specificity, 94%. More recently, in another study in 
107 cancer patients, a ROC curve was constructed to determine the optimum 
threshold of the test; a cut-off point of 3 h was associated with 100% 
specificity and 81% sensitivity (41). For an accurate interpretation of the 
differential time to positivity, a rigorous method is mandatory. The first mL 
drawn via the catheter should be used for culture and not discarded, only 
aerobic bottles are needed; for multiple lumen catheters, blood should be 
drawn from the distal port, which corresponds to the portion of the device 
cultured (39). The value of this technique is greatest among patients with 
long-term catheters, which are predominantly colonized by an endoluminal 
route, than among those with short-term CVCs such as critically ill patients; 
(42) however, methodological biases in the latter study preclude definitive 
conclusions (43). In this way, Seifert et al. showed recently that the 
differential time to positivity method compared favourably with paired 
quantitative blood cultures for the diagnosis of CR-BSIs in neutropenic 
patients with short-term non-tunnelled catheters (44). Specific studies are 
needed to evaluate the validity of the technique in critically ill patients with 
short-term catheters. 
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The practicability of the method may have some limitations. First, the 
technique implies that clinical microbiology laboratories use continually- 
monitored, blood-culture systems. Second, a 24-hour duty staff in the 
microbiology laboratory (including weekends) or the possibility to process 
blood cultures on the ward are rather uncommon. 

RAPID DIAGNOSIS OF CRI BY USING DIRECT EXAMINATION 

Considering that an overnight incubation is usually necessary for 
microbiological cultures of a catheter segment, exit-site or blood samplings, 
an early diagnostic and microbiological orientation could be useful, e.g., for 
patients with severe sepsis of unknown origin. 

Acridine-Orange Leucocyte Cytospin Test 

Direct examination of blood drawn from the catheter using acridine- 
orange leucocyte cytospin (AOLC) test is a rapid method proposed for the 
diagnosis of CRI. The AOLC test allows to detect bacteria from a small 
sample (50 pL) of blood aspirated from the catheter (45). The cytospin 
allows the production of a monolayer from the sample onto a slide. Acridine- 
orange is an intercalating agent used to stain DNA on the slide, which may 
then be examined using ultraviolet microscopy with oil immersion. In a 
population of infants with suspected catheter sepsis defined by quantitative 
blood cultures (46), the AOLC test was 87% sensitive and 94% specific for 
the diagnosis of CRI. The results are available in an hour. 

However, the AOLC test may be less sensitive for the detection of CRI in 
adults, because of a lower bacterial inoculum during bloodstream infection in 
adults than in neonates. Tighe et al. reported a modification of the test using 
an endoluminal brush to release larger number of organisms from the inner 
part of the catheter. After the brush is used, fibrin and organisms are released 
from the wall of colonized catheters, subsequently aspirated and identified 
using the AOLC test (45). Two groups of 50 adult patients with suspected 
sepsis in the presence of a CVC were compared. In the first group, a blood 
sample was drawn from the catheter for the AOLC test; in the second, an 
endoluminal brush was used to “sweep” the catheter before blood sampling. 
Results of the AOLC test were compared with culture of the catheter tip. The 
test was positive in only 12% of the infected catheters in group 1, compared 
to 83% in group 2. Despite these encouraging results of endoluminal 
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brushing, the theoretical risk of embolization or subsequent bacteremia 
should be considered. 

More recently, Kite et al. used AOLC test and Gram stain for rapid 
diagnosis of CRI without catheter removal in 124 surgical adult patients. The 
Gram stain and AOLC test is simple, rapid (30 min), inexpensive, and 
requires two 50 mL samples of catheter blood treated with edetic acid, and 
the use of light and ultraviolet microscopy. A sensitivity of 96%, a 
specificity of 91%, a negative predictive value of 97%, and a positive 
predictive value of 91% were reported for the diagnosis ofbacteremic CRI 
with both tests taken together (20). Gram stain and AOLC test had a 
threshold of 1000 micororganisms/mL of blood; considering that peripheral 
blood contained less than 250 cfu/ml, the technique is unlikely to detect 
bacteremia unrelated to the catheter. The operational values reported were 
similar to those obtained using the measurement of the differential time to 
positivity (39). 

Interestingly, while the specificity of the method was high in both studies, 
the discrepancy is important for sensitivity between the Kite study and the 
former Tighe study, but without any clear explanation. Microbiological 
techniques are similar, and the use of Gram stain in the latter study cannot 
account for the difference if we agree that the concordance between Gram 
stain and AOLC test is excellent (20). Despite these concerns, this promising 
technique allows rapid diagnosis (< 1 h), is easy to perform and could be 
recommended to establish the diagnosis of CRI without catheter removal, 
and to guide early targeted antimicrobial therapy (or avoid unnecessary 
antibiotic use). 

Gram Staining of Blood Drawn from the Catheter 

Gram staining of blood drawn from the catheter is a simple method for the 
diagnosis of CRI, enabling a preliminary identification of the pathogen. Kite 
et al. have suggested that the AOLC test could be more accurate in case of 
Gram-negative bacteremia if bacterial counts are low and if red blood cells 
are poorly lysed (20). Nevertheless, the authors showed a high concordance 
between the results of Gram stain and the AOLC test. Using the Gram 
staining alone for direct exa mi nation of hlood drawn from the catheter during 
23 episodes of CRI, Moonens et al. reported a 100% specificity hut a lower 
sensitivity (78% for definite CRI, 61% for suspected and definite CRI taken 
together) (47). 
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GUIDEWIRE EXCHANGE 

A compromise solution between diagnostic techniques with and without 
removal of the catheter is guidewire exchange of CVCs suspected of CRI : if 
the first catheter is found significantly colonized, the second catheter is 
removed and a new line inserted in a new site. Considering that in about 80% 
of suspected CRI, the catheter is not the source of infection, guidewire 
exchange could prevent the numerous non-infectious complications 
associated with puncture at a new site (pneumothorax, hematoma, etc). 

The value and safety of guidewire exchange in case of suspicion of CRI 
remain highly controversial. Although the technique is associated with fewer 
mechanical complications and less discomfort than new-site replacement, 
guidewire exchange could be linked to a slightly (non significant) greater 
risk of CRI (48). Therefore, if guidewire exchange is considered, meticulous 
aseptic technique is mandatory, and the method is precluded in case of signs 
of local inflammation or purulent discharge at the insertion site. 

In the recent CDC Guidelines for the Prevention of Intravascular Catheter- 
Related Infections, a more stringent position on guidewire exchange was 
taken (49): “replacement of temporary catheters over a guidewire in the 
presence ofbacteremia is not an acceptable replacement strategy, because the 
source of infection is usually colonization of the skin tract from the insertion 
site to the vein”. Other experts consider this position somewhat excessive. In 
the recent revision of the Xllth Consensus Conference on Intravascular 
Catheter-Related Infections of the French Society of Critical Care 
(www.srlf.org), guidewire exchange was considered acceptable in case of 
low suspicion of CRI, in patients with strictly stable conditions, and without 
clinical signs of local infl a mmation. 

CONCLUSIONS 

New techniques have been recently proposed for the diagnosis of CRI. 
The most promising ones seem to be the direct examination of blood drawn 
from the catheter using the AOLC test and Gram stain, and the differential 
time to positivity of paired blood cultures. Both techniques could be more 
accurate for long-dwelling catheters, such as those used in cancer patients, 
than for short-term catheters. Therefore, these new tools have to be validated 
in different acute care settings before they can be recommended for routine 
use (50). The easiest method to set up immediately might be the differential 
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time to positivity test, given many clinical microbiology laboratories use 
continuous monitoring blood culture systems, and many physicians 
investigate a new fever by drawing simultaneous catheter and venipuncture 
blood cultures 
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Introduction 

Catheter-related infections (CRI) are the third most frequent source of 
intensive care unit-acquired infection, after pneumonia and urinary tract 
infection. Moreover, these preventable infections are the most frequent 
cause of nosocomial bloodstream infection (NBSI). In a recent review, 
Mermel estimated that about 80,000 cases of bacteremia occurred annually in 
US intensive care units (ICUs), and might be responsible for 5,000 to 10,000 
deaths (1). Catheter-related bacteremia (CRB) also incur morbidity and costs 
associated with increased length of stay and the treatment of such infections 
and their complications (2). However, the precise impact of these infections 
is difficult to delineate and the literature is conflicting, especially with 
regards to mortality. Difficulties arise with case definitions and methods of 
analysis. 
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MORTALITY ASSOCIATED WITH CRI 

A number of epidemiological studies document a lower mortality 
associated with primary and catheter-related bacteremia as compared to 
secondary bacteremia (3-5). In the study by Pittet and Wenzel, including 364 
hospitalized patients with NBSI, secondary bacteremia were associated with 
an adjusted odds ratio of mortality of 2.46 (95% Cl, 1.50-4.02), after 
accounting for age, underlying diseases (cancer and chronic cardiovascular 
disease), and polymicrobial infection (4). In a larger study of 1745 
hospitalized patients with NBSI recorded between 1986 and 1991, this same 
group of investigators found that the crude hospital mortality associated with 
primary bacteremia and CRB was 30% (and only 25% in definite CRB), 
whereas it was 43% for secondary bacteremia (5). Mortality at 28 days was 
associated with age (OR=1.02 per year), cancer or digestive tract disease 
(OR=1.60), length of stay before occurrence of bacteremia (OR=1.01 per 
day), pneumonia as a source (OR=2.74), as well as polymicrobial infection 
(OR=1.68). In addition, infection with coagulase-negative staphylococci 
(CoNS) (the major current microbial etiology of CRB) was associated with a 
favorable outcome (OR=0.79; 95%CI 0.59-1.06), and infection with 
Pseudomonas aeruginosa tended to be associated with an unfavorable 
outcome (OR=1.04; 95% Cl 0.96-1.13). In our own multicenter study, 
restricted to ICUs and including 111 episodes of NBSI recorded over a four- 
month period, secondary bacteremia was associated with a similarly higher 
risk of death (OR = 2.2; 95% Cl 0.92-5.15) as compared to primary and 
catheter-related bacteremia after adjustment for age, severity of underlying 
disease, and the admission severity score SAPSII; the crude mortality of 
NBSI was 54% (6). After segregating patients with secondary, primary, and 
definite catheter-related bacteremia, we found their attributable mortality to 
be 54.8%, 28.6%, and 11.5%, respectively. Interestingly, Gatell et al. (3) 
found that infection due to “high-risk” sources, including intra-abdominal, 
lower respiratory tract and primary,- non-catheter-related, bacteremia was 
independently associated with mortality. 

Clearly, one of the problems to evaluate the true impact of catheter- 
related bacteremia in cohort studies or in case series such as many of those 
cited above, is that CRB is often mixed with “primary” bacteremias. While 
this may be appropriate in non-critically ill patients, it may not be in ICU 
patients, where “true primary” (non-catheter-related) bacteremia in not 
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uncommon. Several of the studies cited above actually suggest that those 
(non-catheter-related) primary bacteremia have a different outcome from 
definite CRB. Taken together, these studies would strongly suggest that 
primary bacteremia is associated with an approximately twice lower risk of 
death as compared to secondary bacteremia and, also, that among these 
“primary” bacteremia, CRB is associated with a lower risk of death than 
(true) “primary” bacteremia, probably also twice or more lower. There are 
several potential explanations for this. As opposed to other sources (and true 
primary bacteremia), CRB is associated with a source that can be easily 
controlled most of the time, the microbial etiology is usually readily known 
and does not pose therapeutic management dilemma with currently available 
therapy, and a majority are associated with low-virulence organisms such as 
CoNS. 

A number of studies have focused on catheter-related infection, using 
various definitions. In 1993, Amow et al, reviewed a case series of catheter- 
related infections to examine the consequences of catheter-related infections 
(7). They reported a crude mortality of only 1% in their own series of 102 
cases, and an incidence of 20% of complications (i.e., septic metastases). 
Interestingly, the rate of complications in the papers reviewed was fairly 
consistent (ranging from 20 to 32%), whereas the mortality rate was not (0% 
to 23%, with a median value of about 10%). In a study evaluating the impact 
of CRB in a cohort of surgical ICU patients, 9 of 27 patients with CRB died 
within 72 h of infection (8). Studies examining attributable mortality must 
use a case-control design. However, there are clearly problems with 
evaluating mortality attributable to any specific nosocomial infection 
occurring in critically ill patients because of competing risks factors for 
mortality, associated with underlying diseases, acute illness, and other 
complications of intensive care, including infections at other sites. As a 
striking parallel (not unrelated) to CRB, the mortality attributable to 
nosocomial MRS A bacteremia (about 50% of which are CRB) in two recent 
case-control studies has also varied from 0% (9) to 23% (10). However, there 
were important differences between the details of the methodology used in 
the two studies. Harbarth et al. studied hospital-wide bacteremia, whereas 
Blot et al. studied ICU-acquired bacteremia. Harbarth et al. used a number of 
detailed and weighted criteria for matching cases and controls (including age, 
severity of underlying disease, comorbidities, and length of stay prior to 
bacteremia); a matching score was used to assess the comparability of the 
two groups, and 12.7 point concordance was achieved by controls out of a 
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16-point maximum score.8 Blot et al. compared the results of two matched 
cohorts, one comparing MSSA bacteremia to no bacteremia, and another 
comparing MRSA bacteremia to no bacteremia. In these two series, 
adjustment was performed only on severity of acute illness (as assessed by 
the APACHE II score) and diagnostic category, but not on underlying 
diseases and length of stay prior to bacteremia (10). One possible 
explanation for the markedly discrepant results between the two studies may 
be that Harbarth et al. have “overmatched” their cases and controls, while 
Blot et al may have “undermatched” their patients. 

Similar difficulties arise when attempting to estimate the mortality 
specifically attributable to CRB. A reference study in the area of NBSI is the 
cohort study performed by Pittet et al. who matched 86 NBSI to 86 controls, 
and found a 35% mortality attributable to NBSI (11). However, these authors 
did not differentiate between catheter-related and non-catheter-related 
bacteremia. The subset of patients with catheter-related NBSI was described 
in a subgroup analysis (12). The attributable mortality from the infection in 
this subpopulation was 25% (nine cases versus four controls died). When 
only matched case-control pairs who survived bloodstream infection (N= 11) 
were considered among patients with infections of intravenous line origin, 
cases stayed an additional 6.5 days in the surgical intensive care unit (median 
stay, 15.5 days for cases versus 9 days for controls); extra costs attributable 
to the infection averaged US$ 28,690 per survivor. A few recent studies, 
using a case-control design, have focused on the mortality and length of stay 
attributable to CRB in critically ill patients (5,13-15). Although their results 
differ somewhat, they do provide a reasonable estimate of the consequences 
of those infections. A comparison of these four studies is shown in the table. 
The mortality attributable to CRB ranged from 0% (13,14) to 25% 
(unadjusted). In the study by Rello et al, the hospital mortality of cases 
(22.4%) was even lower, although not significantly so, than that of controls 
(34.7%, P=0.35) (Table). 

An interesting, novel approach has been taken in two of these studies by 
matching (or adjusting) cases and controls on the severity of illness on the 
days before bacteremia (14,15). Both of these studies found no significant, 
attributable mortality to bacteremia after adjustment. The study by Soufir et 
al. is particularly interesting in this regard (15). Using a conventional 
approach by matching cases and controls on variables recorded on 
admission, these authors found a relative risk of about 2.0 when comparing 
patients with CRB to patients without CRB (Table). However, when 
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adjusting for severity of illness on the days before bacteremia (day -3 or day 
-7), these authors found that the relative risk of mortality was reduced from 
2.0 to 1.4 or 1.3. While this approach is appealing, it is questionable, because 
it carries the risk of “overmatching”. It should be recalled that in the studies 
referenced above, CRB occurred a median of >10 days after admission. 
During that time, a number of events may have occurred which may modify 
the risk of death in critically ill patients. In fact, adjusting for severity on the 
days before bacteremia may result in comparing attributable mortality of 
CRB to that of pneumonia or acute gastrointestinal bleeding, if all other 
events are not controlled for. 

It seems therefore difficult to conclude on a precise value for attributable 
mortality of CRB. However, taking all results together (Table), it seems 
reasonable to conclude that CRB carries a relative risk for mortality of about 
1.5 as compared to patients without CRB. It does not appear reasonable to 
suggest that, for example. Staphylococcus aureus bacteremia, even when 
associated with a removable focus of infection has no attributable mortality, 
as there are clearly documented consequences of such infections (16). 

One factor that clearly influences mortality is the microbial etiology. 
There is no doubt that CoNS infection is associated with a lower risk than 
other etiologies, particularly S. aureus, Pseudomonas or Candida infection. 
The relative proportion of cases caused by CoNS in a given series will likely 
influence the analysis of mortality. It is therefore not very surprising to see 
that Rello et al. found a lower attributable mortality than others (Table) 
since, in their study, the proportion of CoNS was much higher (65%) than in 
other studies, and the crude mortality of case patients with CRB due to CoNS 
was only 19.3%, as compared to 27.8% for other microbial etiologies (14). 
The relatively high proportion of CoNS infection in the study by DiGiovine 
et al. (13) likely contributed also to their negative findings. Another problem, 
on which there is little information in the above studies, is the timeliness and 
adequacy of antimicrobial therapy which clearly may impact on the 
attributable mortality of any infection. 

MORBIDITY AND COSTS 

Notwithstanding the disputes on mortality, all investigators agree that 
CRI incur increased morbidity, length of ICU and hospital stay and therefore 
costs. Pittet et al. found that NBSI was associated with an increased hospital 
length of stay of 14 days overall, and 24 days in survivors only (including 8 
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days in the ICU); extra costs were estimated at US$ 40,000 (11) In the 
subgroup of patients with intravenous catheter-associated BSI it averaged 
US$ 28,690 per survivor (12). Some of the studies listed in the table have 
evaluated attributable length of stay and costs associated with CRB, and their 
results are consistent with those estimates, although giving somewhat lower 
figures. In a recent study, Dimick et al. (16) have estimated length of stay 
and costs associated with CRB after adjusting for confounding variables 
(demographics and severity of illness). They found a mean increase in total 
hospital costs (in 1998 dollars) ofUS$ 56,167 (95% Cl, $ 11,523-$165,735), 
and increased ICU costs of US$ 71,443 (95% Cl, $11,960-$ 195,628), as 
well as a 22-day increase in hospital length of stay, and a 20-day increase in 
ICU length of stay. However, patients were not adjusted for duration of stay 
before bacteremia. An interesting feature of our study in this regard is that 
we have matched patients on variables associated with a longer than median 
ICU stay, thus eliminating in part confounding factors associated with long 
ICU stay patients (6). Our estimates of extra length of stay attributable to 
CRB (the major component of cost) is somewhat lower than that found by 
Rello and Dimick for example, and may be closer to the average case patient 
for that reason. 
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Table. Four Recent Case Control Studies of Catheter-Related Bacteremia in ICUs. 
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To summarize, I have no doubt that there is some excess mortality 
attributable to the most severe form of catheter-related infection, i.e., CRB; 
the relative risk can be estimated at about 1.5, or 10% excess mortality on 
average. This impact may be lower with a higher proportion of infection 
caused by CoNS as opposed to other organisms and with early appropriate 
therapy, when needed. Fortunately, CoNS are currently the major etiology 
of CRB, and the incidence of catheter-related infection appears to have 
declined in the past decades with improved care and prevention (18). 
However, the impact of non-bacteremic CRI has not been studied 
adequately. There is also no doubt that these infections incur excess length of 
ICU and hospital stay which can be estimated in survivors to approximate 5- 
10 days and 10-20 days, respectively. It is clear that further gains could be 
made by the further reduction of these potentially preventable infections. 
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Case Report 

A 44 year-old man without significant past medical illness was thrown 
from a horse during a fly-fishing trip causing several broken rihs. He 
attempted to “tough it out” without medical care for 3 days, hut his pain 
became so intense that he was airlifted to a nearby hospital. In the process a 
peripheral intravenous catheter (IV) was inserted into a vein in his hand 
while out in the field. This IV was left in place upon arrival to the hospital 
where he was found to have several broken ribs on the left and a lacerated 
spleen. He did well initially but then 3 days after admission developed fever 
to 102.6° F. The next day he was noted to have fever to 104° F and phlebitis 
at the original hand IV site (now 4 days old). The IV was removed and 
another IV placed in another location. No antibiotics were started. The next 
day his temperature went to 105° F. An infectious diseases consultant saw 
the patient and was able to strip pus from the original IV site. Antibiotic 
therapy was started. Cultures of blood and of pus from the IV site taken at 
that time both grew Staphylococcus aureus. Shortly thereafter his clinical 
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status began deteriorating rapidly with hypotension and adult respiratory 
distress syndrome. He was transferred to the intensive care unit (ICU) but 
died the following day. Autopsy was consistent with suppurative 
thrombophlebitis and S. aureus sepsis was believed to have been the cause of 
death. [Sherertz RJ, personal communication, November 1, 2003] 

Introduction 

Catheter-related bloodstream infections (CRBSI) are important adverse 
effects of healthcare because of added morbidity, mortality, and costs. This 
chapter will focus on the impact of CRBSI as demonstrated in comparative, 
epidemiologic studies with control groups being similar types of patients 
who did not develop CRBSI or patients developing nosocomial bloodstream 
infections secondary to infections in another organ (e.g., lung). Outcomes 
have been shown to be affected by host factors such as age, comorbidity, 
severity of underlying illness, immunosuppression, the virulence of infecting 
pathogens, the type of catheter infected, the parts of the catheter infected, 
catheter removal, antimicrobial therapy, and adjunctive antibiotic lock 
therapy. The fact that so many different variables affect the outcome of 
CRBSI means that outcomes may vary greatly from one group to another and 
from one study to another. 

Issues of Study Design and Statistics 

One more variable that has likely affected some of the reported outcomes 
of CRBSI has been the way in which a particular study was designed or 
analyzed. The crude case fatality rate of hospital patients with nosocomial 
bloodstream infection (BSI) over a period of decades has been about 40% 
(1), but such crude rates include some dying of the BSI and others dying of 
their underlying illness or of other adverse effects of hospital care such as a 
pulmonary embolus. Some observational studies have tried to distinguish 
between deaths clinically or temporally related to the BSI and those 
occurring after cure of the BSI due to their underlying illness or another 
iatrogenic complication. Such studies have supplied rates of mortality 
attributed to BSI. Other epidemiologic studies have attempted to determine 
the rate of death due to BSI per se by comparing the mortality rate of patients 
with BSI with the mortality rate of similar patients without BSI in a cohort 
study, sometimes with a nested case-control analysis. Such comparisons 
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provide attributable mortality rates. It should be noted that such studies can 
give false negative results due to inadequate sample size and statistical 
power. A famous article in the New England Journal of Medicine a quarter 
century ago (2) noted that most studies with negative results until that time 
had failed to mention statistical power and had provided inadequate power to 
answer the question being addressed. 

When studies of this type compare death rates over a two to three month 
period between the two groups, control selection becomes a critically 
important issue (i.e., how well matched the two groups really are) since any 
systematic difference could result in higher death rates unrelated to the BSI. 
This is an important consideration since most well treated BSIs are over 
within days not weeks to months; although some infectious complications 
could potentially result in death months later, such a time interval allows 
hospital patients with significant underlying illnesses to die of unrelated 
causes as well. 

Studies of attributable mortality can involve matched controls and/or 
adjustment for other predictors of death, which provide estimates of 
attributable mortality adjusted for these other predictors. It should be noted 
that controlled studies can be overmatched, however, and thereby produce a 
false negative result. Likewise, multivariate models also can be overfitted 
and provide false negative results because of inadequate sample size and 
statistical power to address the number of variables included in the model. 
For the above reasons, two studies of the same question can give different 
results apparently due to differences in study methods. 

These observations about false positive and false negative study results 
may recall for some Disreali’s phrase “lies, damned lies, and statistics.” It is 
clear that one can find a study with inferential statistics and impressive 
probability values that “proves” pretty much anything one might desire 
regarding the mortality or complication rates of CRBSI. Austin Bradford Hill 
proposed that one needs to find consistency of evidence among the 
preponderance of epidemiologic studies of a question conducted by different 
investigators in different settings and populations before concluding that a 
particular association is valid or causal. It also has been suggested that the 
purpose of biostatistics is to obtain “reliable results” through appropriate data 
collection, classification and analysis. The objective of this chapter will be to 
seek the most reasonable answers among sometimes conflicting data 
regarding the morbidity, mortality and excess costs associated with CRBSI 
under a variety of different conditions. 
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Morbidity 

The impact felt first and foremost by patients with CRBSI is additional 
suffering. CRBSI ranges in severity from a relatively mild fever to dramatic, 
catastrophic illness with high fever (or hypothermia), septic shock, 
disseminated intravascular coagulation, and adult respiratory distress 
syndrome (3). It has been estimated that several hundred thousand of the 
roughly two million, nosocomial infections acquired in U.S. hospitals 
annually are CRBSIs. Many more healthcare-associated CRBSIs occur now 
in long-term care facilities and in home care. Because CRBSI is not a 
reportable illness, these estimates have been extrapolated from many 
publications of rates from single hospitals and a number of multicenter 
studies such as those by the National Nosocomial Infection Surveillance 
(NNIS) program organized and conducted by the Centers for Disease Control 
and Prevention (CDC). 

In addition to the morbidity of the primary illness, some patients suffer a 
relapse of bloodstream infection after completing a course of therapy. Other 
complications can include septic thrombophlebitis, endocarditis, or 
metastatic, hematogenous infections such as epidural abscess, osteomyelitis, 
or septic arthritis. These complications often require prolonged medical 
therapy and some also require a surgical operation. 

Reported CRBSI complication rates have ranged from 20% to 45%. In 
the study reporting the highest rate of complications, 71% of the 
complications were considered to be “major”(3). This included patients with 
septic shock, sustained sepsis, suppurative thrombophlebitis, metastatic 
infection, endocarditis and septic arthritis. Infections with Staphylococcus 
aureus were associated with the highest rate of serious complications, which 
included all episodes of metastatic infections and one episode of 
endocarditis. In another study that included only patients with 
Staphylococcus aureus CRBSI, however, only 9 (16%) of 55 developed 
acute early complications, including endocarditis, fulminant sepsis, 
osteomyelitis, septic arthritis and septic pulmonary emboli (4). 

It is difficult to quantify the amount of additional suffering incurred due 
to CRBSI and associated complications, but the prolongation of hospital stay 
perhaps provides an index of this added morbidity since very few patients 
wish to remain in the hospital when well enough to be discharged. 
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PROLONGATION OF HOSPITAL STAY 

The average increase in hospital stay due to nosocomial bloodstream 
infection in the CDC’s SENIC study conducted during the 1970s and 1980s 
was 7 days. A more recent study evaluating all types of BSI in a surgical 
intensive care unit (ICU) reported a similar, median increase of 8 days hut 
the increase was 24 days for patients who survived the BSI. 

Several recent studies focusing upon CRBSI reported overall mean 
increases ranging from 10 to 22 days (4-6). After accounting for severity of 
disease and demographics in one of these studies, BSI patients still had an 
associated 124% increase in LOS (22 days, 95% Cl 7-70 days, P=.002) (7). 
In studies of ICU patients, the duration of ICU stay increased hy 5 to 20 
days for patients with CRBSI. (6,7). A fourth recent study reported no 
significant increase in stay due to CRBSI, however (8). Differences in study 
design or analysis may have accounted for this different result, hut the hulk 
of the available studies suggest a substantial prolongation of hospital stay 
due to CRBSI. 

COSTS 

In an uncontrolled 1991 study, the average excess cost was estimated to 
be $3,707 for all episodes of CRBSI and $6,064 for those caused by 
Staphylococcus aureus (3). Another study evaluated the accuracy of such 
physician estimates by comparing them with the measured costs in patients 
with CRBSI vs. those of matched controls without CRBSI. The additional 
charges measured in the comparison were approximately 2.5-fold greater 
than those estimated by the physician (9). 

A later study of CRBSI costs reported that total hospital costs increased 
by $56,167 in 1998 dollars; for patients in the ICU, additional ICU costs 
were $71,443 (7). In a multivariate analysis adjusting for severity of illness 
and demographic factors, CRBSI was still associated with a 120% increase 
in total hospital costs (95% Cl $11,523-$165,735, P=.001). The cost of 
room and board was the single largest contributor to this increased cost, but 
costs were increased across all categories except operating room costs. 

In a 1999 study, the estimated increase in medical costs for ICU patients 
with primary bloodstream infections was reported to be more than $16,000 
per episode (6). 
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MORTALITY 

Without question, the most important adverse outcome of bloodstream 
infection (BSI) is death. Nosocomial BSI has been associated with death in 
many studies over a period of decades (1) and some have suggested that 
50,000 U.S. patients die of this each year (10), which would make this a 
more frequent cause of death than the Acquired Immune Deficiency 
Syndrome (AIDS) in the United States. This seems to be an overestimate, 
however, because deaths directly due to CRBSI have been relatively rare in 
our experience and multiple recent studies have found no association 
between BSI and mortality at all after adjusting for comorbity and/or 
underlying severity of illness (11). Some have therefore suggested that 
patients often die with rather than because of BSI. Adding further intensity to 
the controversy, primary BSIs due to a removable focus of infection such as 
a vascular catheter have long been recognized to have lower crude case- 
fatality rates and have thus been thought to be less deadly than secondary 
BSIs arising from a serious infection in another organ such as the lung. The 
case report at the beginning of the chapter convincingly demonstrates death 
due to vascular catheter-related infection in an otherwise healthy individual. 
This section will focus on the how often death is due to CRBSI using 
epidemiologic data regarding the attributable mortality of bloodstream 
infection in general and CRBSI in particular 

Severity of Underlying Illness vs. Severity of the Bloodstream Infection 

Patients with higher age, significant comorbidity and severe underlying 
illnesses are more likely to die of CRBSI (12), but several studies have also 
shown that severity of the BSI independently predicts death even when these 
factors are taken into account. (12,13) One of the latter studies showed that 
the severity of illness as reflected by the APACHE II score early in the BSI 
was a significant predictor of death (13). Another found that the increase in 
the patient’s APACHE II score early during the BSI was most predictive of 
death (14). Still another study found that shock was predictive of death and 
there was a trend toward higher death rates with onset on a hospital ward 
rather than in an ICU; this did not reach statistical significance in 
multivariate analysis, perhaps due to the study’s small sample size and low 
statistical power (15). 
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Primary vs. Secondary Bloodstream Infections 

It seems clear from the consistent results of multiple studies that BSIs 
secondary to serious infections of another organ such as the lung are 
associated with significantly higher crude mortality than are primary BSIs, 
most of which are due to a removable focus of infection at the site of a 
vascular catheter (16,17). 

Mortality Due to CRBSI 

In 1988, Maki estimated the attrihutahle mortality of CRBSI to he 10- 
20%. Several studies have reported mortality higher than Maki’s estimate 
ranging from 20%-35% (18). Other studies have found much lower 
mortality rates from CRBSI, however. Three prospective studies involving 
266 patients and 665 central venous catheters at the University of Virginia 
reported no deaths related to 24 episodes of CRBSI (19-21). Likewise, 
Capde villa reported on 40 episodes of CRBSI in hemodialysis patients with 
no deaths (22). All episodes were treated with systemic antibiotics and 
antibiotic lock for two weeks; all patients were cured and all hemodialysis 
catheters were salvaged. In another study of hemodialysis catheter related 
infections none of 50 patients with S. aureus CRBSI died (23). In a study of 
102 episodes of catheter-related bacteremia in hospitalized adults, only 1 
patient was believed to have died from the infection itself and another 18 
were thought to have died primarily of other causes during treatment of IV 
catheter sepsis. All of those patients had rapidly fatal or ultimately fatal 
underlying illnesses (3). A meta-analysis of 129 studies representing 2,573 
episodes of CRBSI, found a crude mortality of 14% (95%CI 12.4-15.6%), 
but the authors of the original studies found a clinical, temporal association 
with death in 2.7% of cases of CRBSI (95% Cl 2.0-3. 4%) (24). It should be 
noted that the 129 studies reported “attributed mortality” (i.e., deaths felt to 
be obviously connected to CRBSI by the clinician investigators who 
authored the original studies included in the meta-analysis). In several 
other recent studies, CRBSI was not significantly associated with mortality 
after adjusting for severity of underlying illness (5-7,25). 




94 



Catheter-Related Infections in the Critically III 



Relationship to Therapy 

The bulk of the studies reporting on use of antimicrobial therapy 
inappropriate for the causative agent (i.e., defined as resistance in laboratory 
susceptibility testing) have found this to be associated with higher mortality 
even when provided for the first day or so (26). Likewise, antibiotic resistant 
infections, which are associated with delays in correct therapy and often with 
use of less active, second line agents have been associated with higher 
mortality even when adjusted for severity of underlying illness (26-28). 
Removal of the catheter early after onset of a CRB SI has been associated 
with higher cure rates and lower relapse rates in a number of studies (29), but 
others have reported no deaths with appropriate antimicrobial treatment 
despite a large number of CRBSIs (including many in which the catheter was 
left in place and salvaged) (19-23). Relapse rates after intraluminal CRBSIs 
have been lower after parenteral plus antibiotic lock therapy (22). 

Relationship to the Type of Catheter Infected 

The type of catheter may predict the outcome of infection. This may be 
due to the patient population requiring a specific type of catheter or to the 
catheter itself. In a meta-analysis of catheter-related BSI , pulmonary artery 
catheters were associated with the highest case fatality rate (52.6%, 95% Cl 
28.9-75.6), followed by peripheral catheters (31.2%, 95% Cl 11.0-58.7), 
totally implanted subcutaneous ports (25%, 95% Cl 3.2-6.51), umbilical 
catheters (15.4%, 95% Cl 1.9-45.4), hemodialysis catheters (11%, 95% Cl 
6.1-15.9), unspecified central venous catheters (9.7%, 95% Cl 6.2-13.2), 
tunneled central venous catheters (9.4%, 95% Cl 6.8-12.0) and arterial 
catheters (7.7%, 95% Cl 0.2-36.0) (24). It should be noted that the 
confidence intervals for some of these rates were very wide. 

Relationship to the Etiologic Agent 

Some of the organisms associated with catheter infections are considered 
to be relatively avirulent. These include coagulase-negative staphylococci 
and diphtheroids. Moreover, several recent studies have reported that most 
blood cultures growing coagulase negative staphylococci were due to 
contaminants including quite a few with more than one set of blood cultures 
positive (i.e., because each set contained a different strain). In a meta- 




Karin E. Byers and Barry M. Farr 



95 



analysis of articles describing 2,573 cases of CRBSI and their outcomes, 
coagulase-negative staphylococci and enterococci had lower rates of 
attributed mortality than did other etiologic agents (0.7% and 0%, 
respectively) (24). By contrast, Candida species and S. aureus were each 
associated with significantly higher attributed mortality rates than were other 
microbes (9%, p = .001, and 8.2%, p < .001, respectively). 

S. aureus is a virulent organism that is often associated with late 
complications. In a different meta-analysis, the overall complication rate 
was 24% and the mortality rate attributed to Staphylococcus aureus was 
15%. Because of a higher risk of late complications than with many other 
pathogens, the optimal duration of antibiotic therapy for this entity remains 
unclear (4,30,31). Some have suggested that a 2-week duration of therapy 
may be adequate for uncomplicated S. aureus catheter-related bacteremia 
while others have maintained that the risk of late complications and relapse 
makes this approach unacceptable unless a transesophageal echocardiogram 
is negative and the patient responds quickly to appropriate antimicrobial 
therapy (4,31). Fever or S. aureus bacteremia that persists for more than 3 
days after catheter removal and initiation of antibiotic therapy predict early 
complications, including endocarditis, osteomyelitis, fulminant sepsis, septic 
arthritis and septic pulmonary emboli. Among patients without early 
complications, 3 (16%) of 18 treated for less than 10 days had a later relapse. 
For these reasons, these patients may require a longer course of antibiotics 
(4,30). 

CONCLUSIONS 

CRBSIs clearly cause the death of some patients but are less likely to do 
so than are secondary BSIs. Death is more likely if the patient is already 
severely ill or receives delayed or incorrect therapy, both of which are 
significantly more common with antibiotic resistant pathogens. Species like 
S. aureus and Candida species are more likely to cause death. Early severity 
of the BSI including complications such as septic shock, ARDS and DIC 
also predict death. There appears to be an emerging consensus that the 
attributable mortality of CRBSI is probably closer to 3% than to 30%. This is 
compatible with the results of multiple recent studies finding no significant 
association with mortality at all, since their confidence intervals included this 
3% level and their sample sizes usually did not permit detecting such a small 
difference from the null hypothesis. Studies reporting high attributable 
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mortality rates have usually not adjusted for patients’ comorbidity and 
underlying severity of illness. Their results are also incompatible with those 
of a number of other studies of ICU, hemodialysis and bone marrow 
transplant unit CRBSIs in which there were no deaths. It should be 
recognized that this low attributable mortality is largely due to the frequency 
of prompt, appropriate therapy in a large majority of cases of nosocomial 
CRBSI. This should not be taken to mean that CRBSIs are unimportant. 
They clearly cause large amounts of morbidity, prolong hospital stay, add 
significant costs, and sometimes kill the patient. 
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Introduction 

Catheter-related bloodstream infections (CRB Sis) have evolved as 
important systemic infections due to a near-universal use of intravacular 
devices in the critically ill hospitalized patients (1). Hematogenous bacterial 
and fungal nososcomial infections attributed to an infected indwelling 
catheter are associated with significant morbidity and near-exponential 
increase in health-care expenditure (2,3). Most (86%) of nosocomial BSIs 
are attributed to infected catheter source (4,5), this in most part has led to a 
substantial rise in coagulase-negative staphylococci bloodstream infection, 
which has become the leading cause of nosocomial bacteremia in the 
hospitalized patients (6). Emergence and rise in the multidrug-resistant 
Staphylococcus aureus in hospitalized patients (7) and those from 
community (8) has also posed serious challenges in selection of appropriate 
empiric antimicrobial therapy for patients with CRBSI. It is therefore 
imperative that high-level of suspicion, prompt diagnosis and appropriate 
therapy be instituted early, especially in severely ill patients with infected 
intravascular device-related bacteremia or fungemia. 
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COLONIZATION VERSUS INFECTION 

Nearly all, indwelling, intravascular catheters may develop a biofilm 
layer within 24 h after insertion; these biofilms provide a protective milieu 
for viable bacterial existence in sessile form (9,10). Microorganisms 
embedded in these biofilm layers may yield to planktonic form or free- 
floating bacteria on the catheter surface that increases the risk of 
hematogenous invasion and systemic dissemination (1). A well established 
association between high-grade bacterial inoculum at the catheter source 
(semiquantitative or quantitative cultures) and increased potential of 
bloodstream invasion (11,12), form the bases of diagnostic criteria for 
catheter-related infection versus colonization. A five-fold higher yield from 
catheter blood sample compared to percutaneous blood culture taken at the 
same time is currently use to defined CRBSI. 

Initial bacterial colonization of catheter depends upon multiple factors: 
(a) microorganism-related cell-surface characteristics for example, 
hydrophobic organisms like Staphylococcus adhere better to polyvinyl 
chloride, silicone, and polyethylene surface compared to Teflon polymers or 
polyurethane (13). (b) Catheter surface such as surface irregularities, 
difference in electric charges may result in enhance bacterial adhesion, and 
perhaps selection of microorganisms, (c) Host-derived proteins in the bioflim 
matrix such as fibronectin prefers Staphylococcus epidermidis, whereas 
Staphylococcus aureus uses a wider variety of host proteins like fibronectin, 
fibrinogen and to a lesser extent laminin to anchor and harbor in the “slime” 
matrix, (d) Bacterial derived enzymes resulting from phenotypic switch 
following changes in environment may also contribute in increased biofilm 
formation (14), which in turn leads to enhanced ability of bacteria to adhere 
to the catheter surface and promote extracellular “slime” or 
exopolysaccharide formation. This further conforms to the bifilm embedded 
microorganism a favorable microenvironment by compromising efficacy of 
antimicrobial drug, especially of glycopeptide-based antibiotics (15). 

ETIOLOGY OF BLOODSTREAM INVASION 

Microorganisms associated with CRBSI are generally acquired from the 
skin flora at the catheter insertion site or through the hub of the catheter 
device (16). Infections of catheter placed for a short-term (< 10 days) 
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duration often results from bacterial migration along the outer catheter 
surface from the insertion site (17), whereas chances of bacterial 
contamination of the catheter hub are increased if catheters are left in place 
for prolonged periods (> 30 days); in the later case, organisms migrate along 
the inner surface of the catheter and lead to either colonization of the biofilm 
matrix and/or hematogenous invasion/infection. 

Microorganisms involved in CRBSIs are mostly those associated with 
skin flora around the catheter insertion site, such as Staphylococcus 
epidermidis, S. aureus, Bacillus speices, Comybacterium species; in patients 
with groin lines aerobic gram-negative bacteria and enterococci may be 
occasionally encountered. Infections due to Pseudomonas aeruginosa, 
Acinetobacter species, Stenotrophomonas maltophilia, Candida species, 
especially C. parapsilosis has been occasionally attributed to iatrageneic 
catheter contamination (12,18). Other organisms infrequently encountered 
include. Micrococcus speices, viridance Streptococci, especially in patients 
with severe oropharygeal mucositis; catheter hub infections due to rapidly 
growing mycobacteria such as Mycobacterium fortuitum, Mycobacterium 
chelonei and Mycobacterium abscessus are rare. In immunosuppressed 
individuals CRBSI due to Fusarium species, Rhodotorula species, 
Hansenula anomala, Trichosporon beigelii and other Trichosporon species 
may cause recalcitrant catheter-related fungemia (17-21). Malassezia furfur 
infections are often associated with lipid component of hyperalimentation 
and in patients with severe mucocutaneous excoriation (22). 

MICROORGANISM-DIRECTED THERAPY 

The treatment modality and anticipated response to therapy for 
infections associated with indwelling intravascular devices may vary 
significantly based on the microorganism involved (23). In this section 
pathogen-directed approaches in the management of CRBSIs are discussed. 

Coagulase Negative Staphylococcus (CNS) 

Catheter-related infections has significantly increased the incidence of 
nosocomial bacteremia due to S. epidermidis, which has become the most 
common cause of CRBSI (24). Most patients are febrile on presentation 
albeit, sepsis like clinical picture is often absent in this setting. Presence of 
fever, blood culture > 1, preferably from two separate sites and absence of 
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other sources of fever indicates that contamination is less likely source of 
CNS blood culture isolation. 

Antimicrobial Therapy 

• In non-persistent infection, antimicrobial therapy alone is often 
adequate and catheter removal is not routinely warranted, 
especially in individuals with long-term tunneled catheters. 
Albeit, catheter retention has been associated with high rate of 
infection relapse (20%) compared to patients that had CVC 
removed (25). In the event CVC is retained, duration of 
antibiotic therapy is extended from 5-7 days to 10-14 days. 

• In patients with complicated CNS CRBSI, all intravascular lines 
must be removed promptly, and duration of systemic 
antimicrobials for endovascular infection is 4-6 weeks; acute 
CNS osteomyelitis treatment is given for 6-8 week. 

Staphylococcus aureus 

Catheter-related S. aureus bacteremia poses a serious challenge, as 
patients with S. aureus bloodstream infections are at a higher risk of 
endovascular infection such as endocarditis, and septic thrombophelibitis, as 
well as distant suppurative complications, such as osteomyelitis, and deep 
tissue abscesses (26,27). Fever may be the initial presentation although 
clinical signs of sepsis are not infrequent in this setting. Optimum duration 
of therapy is not known, and prolonged (> 14 days) antimicrobial therapy is 
often recommended due to the probability of unacceptably higher rate of 
secondary suppurative complications. Higher rate of infection relapse has 
been observed in patients treated with short courses of antibiotic (23). 
Several recent studies including author’s experience (28), indicates that 
appropriate antimicrobials when given for a shorter duration (10-14 days) 
may be an acceptable alternative in patients with clinically uncomplicated 
catheter-related S. aureus bacteremia; an observation further supported by 
meta-analysis of 1 1 studies that showed 6% relapsed in patients that received 
short-course antibiotic therapy (29). 
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Antimicrobial Therapy 

• We recommend that patients with S. aureus CRBSI that shows 
prompt clinical response to therapy may be eligible to receive a 
shorter duration (~ 14 days) of parentral antibiotic therapy, 
bactericidal b-lactams are preferred and in non-b-lactam 
susceptible isolates, vancomycin is often the agent of choice 
although the newer agents (quinupristin/dalfopristin; linezolid) 
appear promising and need further evaluation. Clinical response 
in patients with CRBSI is defined as (a) abatement of fever (< 3 
days); (b) sterile blood cultures within 72 h after antibiotic 
therapy is commenced; (c) No evidence of endocarditis using 
modified Duke diagnositic criteria (30). 

• Transesophageal echocardiogram (TEE). Patients with a known 
heart valve disorder and those with prosthetic endovascular 
device, such as pacemaker, artificial heart valve, and foreign 
vascular grafts may require preemptive TEE. In others, TEE 
may be performed according to treating physician’s discretion, 
especially in individuals that remain febrile and/or bacteremic 
for > 48 hrs despite appropriate antibiotic therapy. Due to low 
sensitivity, high coast, and potential morbidity, TTE is not 
routinely recommended for all patients with S. aureus CRBSI. 

• CVC Removal. Catheter removal has been associated with rapid 
response and reduced rate of infection recurrence (31). This 
approach is often impractical in patients with difficult to access 
surgically implanted, tunneled indwelling catheters. Currently, 
hybrid protocols address removal of an infected catheter in 
patients with S. aureus CRBSI, retention of infected CVC has 
been accomplished with prolonged systemic antibiotics plus 
antibiotic lock therapy (discussed later). Antibiotic lock 
technique in addition to parentral antibiotic therapy may improve 
cure rate and has shown to salvage infected catheters (32). We 
recommend that catheter should be removed and antibiotic lock 
therapy differed if any of the following exists: (a) Multidrug- 
resistant organism, such as methacillin-resistant S. aureus 
(MRS A); (b) Patients either intolerant or allergic to optimum 
bactericidal antimicrobial agent; (c) Individuals with increased 
risk of endovascular infection, which presents as prolonged. 
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recurrent high-grade bacteremia; (d) Lack of early (< 3 days) 
clinical and microbiologic resolution of infection after institution 
of appropriate antimicrobial therapy. 

• Catheter salvage. If catheters cannot be removed without 
serious untoward risk for the patient, extended salvage therapy 
may be entertained including, minocycline, TMP-SMX, 
fluoroquinolone plus a once daily dose of rifampin following 
conventional antimicrobial therapy (23,33,34). If patients are 
treated with salvage approach than high-level of suspicion for 
secondary complications including endocarditis, osteomyelitis or 
distant suppurative processes should be anticipated, diagnosed 
and treated promptly. 

Aerobic Gram-Positive Bacilli 

Infections due to other normal skin microflora organisms such as 
Corynebacterium jeikeium and Bacillus species are infrequent cause of 
CRB SI, and treatment approach is quite similar to that of S. epidermidis 
CRBSI. Vancomycin is the treatment of choice, and short-term non- 
surgically placed catheter may be removed; in surgically placed intravascular 
accesses, salvage treatment trial may be attempted in individuals with non- 
persistent BSI and those with no evidence of exit-site or tunnel infection. 
Presence of refractory bacteremia (> 72 h) after institution of appropriate 
antibiotics warrants catheter removal. 



Aerobic Gram-Negative Bacilli 

Catheter infections due to enteric gram-negative rods such as 
Escherichia coli, Klebsiella pneumoniae are rare and often seen in patients 
with long-standing groin intravascular catheters. In the immunosuppressed 
patients receiving antineoplastic chemotherapy, non-aeruginosa 
Pseudomonas species, and Stenotrophomonas maltophilia bacteremia are 
often associated with indwelling catheter infection, and successful treatment 
includes appropriate systemic antimicrobial therapy along with removal of 
the infected intravascular device (35). CRBSI due to Pseudomonas species, 
Acinetobacter species, Stenotrophomonas maltophilia or Enterobacter 
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agglomerans group may be associated with either contaminated infusate or 
catheter hub contamination due to repeat manipulation by medical personal. 

Antimicrobial Therapy 

• Optimum treatment includes early institution of appropriate 
antimicrobial agents given for 10 to 14 days, and removal of the 
indwelling catheter. Patients with to Pseudomonas species, 
Acinetobacter species, and Enterobacter agglomerans group 
infection, we recommend combination antibiotic therapy with in 
vitro synergistic antimicrobial activity, such as b-lactam plus 
aminoglycoside, or fluoroquinolones. Treatment with high-dose 
TMP-SMX, and/or ticarcillin-clavulanate may be approached 
cautiously in catheter-related hematogenous Stenotrophomonas 
maltophilia infections, as organism is frequently resistant to most 
broad-spectrum agents and often develop de novo resistance, 
especially if source of infection (CVC) has not been eliminated. 

• In catheter salvage approach, extended course of antibiotics may 
be given along with antibiotic lock therapy, albeit high treatment 
failure rates and increased recurrence may not be unexpected. 

Candida species 

Candida species fungemia may be associated with infected 
intravascular catheter, and frequently seen in oncologic patients undergoing 
cancer therapy (36). Treatment often involves catheter removal along with 
systemic antifungal therapy for ~ 14 days following last positive blood 
culture to prevent infrequent but profoundly disabling complication of 
permanent vision loss due to yeast endophthalmitis (23,37). 

Antimicrobial Therapy 

• For C. albicans, C. tropicalis and C. parapsilosis treatment with 
parental fluconazole or caspofungin may be used as first line 
therapy (38,39). 

• For C. glabarata and C. krusei CRB SI, caspofungin or 
amphotericin B are suggested. Clinical efficacy of caspofungin in 
the non-neutropenic patients with Candida species CRB SI 
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appears promising (39) although further information is needed in 
recommending changes in treatment guidelines; in profound 
granulocytopenic patients with catheter-related fungemia 
antifungal treatment includes amphotericin B and its lipid-based 
preparations, caspofungin may be used in low-risk patients 
(neutropenia < 7 days) with caution. 

Filamentous Fungi and Other Yeasts 

Similar to candidemia CRBSIs due to Fusarium species, Trichosporon 
species Malassezia furfur requires removal of the infected catheter if other 
sources of bloodstream infection have been excluded. Treatment often 
requires systemic amphotericin B, however, for infections due to non- 
polyene (amphotericin B)-susceptible fungi such as Fusarium species 
optimum antifungal therapy is not clear; we currently use a combination of 
high-dose AmBisome® plus caspofungin (40). 

Rapidly Growing Mycobacteria 

Mycobacteremia due to RGM is rare and treatment is based on prompt 
removal of infected catheter along with 4-week antimicrobial therapy with 
susceptible drug combination therapy usually consisting of fluoroquinolone 
plus azolide and rifampin. Mycobacterium abscesses tends to have high- 
level of drug-resistance and routine susceptibility analysis will yield much- 
needed in vitro guideline for optimum drug combinations. 

CATHETER SALVAGE STATAGIES 

Long-term surgically placed catheters are not easy to replace and to 
reduce severe morbidity and health-care expenditure, catheter salvage is 
attempted in most patients that are stable and do not exhibit signs of clinical 
decompensation or sepsis with organ-dysfunction, or refractory hypotension. 
In certain settings attempts to salvage catheter may have low yield, such as 
tunnel or pocket infection, or infection due to S. aureus, P. aeruginosa, and 
Candida species (23). 
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Antibiotic Lock Therapy 

The failure of effective antimicrobial elimination of sessile 
microorganisms that resides within the semi-protective biofilms has led to 
the development of “antibiotic lock” technique, which requires filling of 
catheter hub and lumen with higher antimicrobial concentration that can be 
left in place for hours (41, 42). The data is based on anecdotal case reports 
primarily in infections due to CNS. Several groups have encouraging 
experience in salvaging long-term infected catheters with antibiotic lock in 
combination of systemic antimicrobial therapy (23). The antibiotic solution 
mixed with either heparin or saline may be installed in the infected catheter 
and left for the duration that catheter is not being used (over night). It is 
critical that this solution must be withdrawn prior to next infusion. We 
recommend that if antibiotic lock therapy is used in patients, systemic 
therapy must not be withheld, especially in immunosuppressed oncology 
patients, those with AIDS (43), granulocytopenia, and/or infection due to 
pathogen other than coagulase-negative staphylococci. Patients with 
extraluminal infection such as pocket or tunnel infection are not candidates 
for antibiotic lock therapy; systemic antimicrobial therapy along with 
catheter removal is the optimum approach in this setting. In select patients 
with both intraluminal and extraluminal infection with coagulase-negative 
staphylococci a trial of systemic antibiotics along with antibiotic lock 
approach may salvage the catheter. Due to high rate of success of antibiotic 
lock technique (44) in salvaging intravascular catheters we recommend that 
decision to retain and treat through an episode of CRBSI, antibiotic lock 
therapy may be entertained, especially in patients with history of difficult 
intravascular access. 

COMPLICATED INFECTION 

Patients that fail to resolve bloodstream infection after an infected 
intravascular device has been removed pose a serious diagnostic and 
treatment challenge. Persistent fever or bloodstream infection after 72 h 
following catheter removal must alert physician regarding possibility of 
complicated catheter-related infections such as, septic thrombophilibitis, 
endocarditis, osteomyelitis, or other metastatic foci of infection (23). 
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Endocarditis 

Colonized intravascular catheters are the most common source of 
nosocomially acquired endocarditis, nearly 30% of patients with high-grade, 
persistent S. aureus bacteremia may have an underlying endovascular 
infection (45). Diagnostic approach includes TEE and radiographic work up 
for septic thrombus. Management includes prompt removal of intravascular 
catheter, and parentral antimicrobial therapy for 4 to 6 weeks. Surgical 
evaluation may be needed in the event of a large septic thrombus, and/or 
complications arising form endocarditis, such as severe valve 
dysfunction/damage, and valve ring and myocardial abscesses. 



Septic Thrombophelibitis 

Infected thrombus due to either bacterial or fungal infection involving 
peripheral vessel may often become clinically evident, however patients with 
great vein septic thrombosis may only present with fever, persistent/recurring 
bloodstream infection; whereas septic pulmonary embolism (cannon ball 
radiographic pattern) and/or paradoxical embolism are rare. Staphylococcus 
aureus is the most common organism, followed by Candida species and 
aerobic gram-negative bacilli. Ultrasonic examination alone may not 
provide diagnosis in all cases and select patients with high pre-test 
probability may need intravenous contrast-enhanced radiolograpic 
evaluation. Treatment of peripheral septic thrombophilibitis requires surgical 
incision and debridement and systemic antibiotics. Eor individuals with 
great vein thrombosis, antibiotic therapy is often prolonged (4 to 6 weeks) 
and anticoagulants may be given. 

CONCLUSIONS 

• Patients with short-term catheters: non-complicated CRBSI (non- 
persistent BSI, no evidence of sepsis) often respond to a short-course 
of parentral antibiotic therapy and removal of infected device. 

• In non-complicated CRBSI involving surgically implanted tunneled 
catheters, catheter salvage approach may be used; systemic 
antimicrobial therapy (~ 14 days) may be given in conjunction with 
antibiotic lock therapy. 
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• In patients with complicated extraluminal (tunnel or pocket) 
infection catheter must he removed, and antihiotic therapy given for 
10 to 14 days. 

• In patients with CRBSI-associated septic thrombosis or endocarditis 
after prompt removal of infected device, antimicrohial therapy is 
continued for 4 to 6 weeks, and in the event of acute hone infection 
treatment is extended to 8 weeks. 
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Introduction 

Catheter-related bloodstream infections continue to be associated with a 
significant morbidity and mortality. These infections are primarily related to 
the use of central intravascular catheters rather than peripheral devices (1) 
and the latter will therefore not be considered in this chapter. 

In the US it has been estimated that more than 5 million central venous 
catheters (CVC) are used each year and that at least 400,000 cases of CVC- 
related infections occur annually. In comparison, in the UK over 10,000 
episodes of C VC-related sepsis may occur each year (2-4). 

Establishing the diagnosis of catheter-related sepsis relies both on 
clinical- and laboratory- based determinants. The clinical symptoms and 
signs of CVC sepsis are generally nondescript and usually await 
confirmation by laboratory findings including positive blood cultures (5). 
Clinical evidence suggesting intravascular device-related sepsis includes 
inflammation such as erythema and/or exudate at the catheter insertion site. 
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There may be no obvious source of infection in a patient commonly with a 
low grade pyrexia and non-specific symptoms including chills and rigors. 
Onset of symptoms such as transient pyrexia may also be linked to catheter 
manipulation or infusion administration. It is therefore evident that patients 
with a CVC in-situ need careful monitoring in order to make the diagnosis so 
that appropriate management can be commenced early in the infection. 

MANAGEMENT OF CVC INFECTIONS 

Two main factors need to be taken into account in the management of 
patients with CVC- related sepsis. Consideration has to be given as to 
whether or not the catheter needs to be removed and what is the most 
appropriate antimicrobial regimen to treat the infection (6). 

CATHETER REMOVAL 

It has been suggested that CVC should be routinely exchanged after 5 to 
7 days in-situ through a guide wire and sent for culture even in patients 
without clinical evidence of sepsis. If the explanted catheter is subsequently 
shown to be colonized with microorganisms it may be necessary to replace 
the new catheter. The routine replacement of CVC in order to avoid sepsis is 
not however generally recommended (3). 

In deciding whether or not to remove a CVC, when catheter-related sepsis 
is suspected, several factors need to be considered, these include: 

- the patients’ underlying condition and need for intravascular access. 

- the type of CVC inserted in particular whether it is a short-term non 
tunneled catheter or a long-term surgically implanted catheter. 

- the microbial cause of a CVC associated infection and its antimicrobial 
sensitivity pattern. 

- the likelihood of successful replacement of a catheter at another site. 

- the risk to the patient of removal and replacement. 

Despite the clinical recognition that removal of a foreign body such as a 
colonized CVC is desirable to successfully treat device related infections, 
antimicrobials alone are being used in an attempt to salvage catheters 
particularly in patients with mild or moderate associated sepsis. However, if 
the patient fails to respond or deteriorates, the need for catheter removal 
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should always be re-evaluated in view of any culture findings. If there is on- 
going sepsis with no resolution of clinical symptoms and signs and/or the 
cultures confirm the causative microorganism as virulent or difficult to treat 
for example Candida albicans, Staphylococcus aureus, coliforms or 
Pseudomonas aeruginosa, the catheter should be removed. With S. aureus 
CVC sepsis, there is substantial evidence that catheter removal results in the 
best outcome (7,8). Catheter removal for associated fungal infection has also 
decreased morbidity and mortality (9). Similarly with P. aeruginosa CVC 
sepsis, catheter removal has also improved patient outcome (10). Patients 
who develop an associated septic thrombosis or endocarditis also need 
catheter removal but antibiotic treatment should be continued for 4 to 6 
weeks again depending on the causative microorganism. 

The clinical requirement for catheter removal when associated with sepsis 
needs to be considered separately for non-tunnelled or tunnelled devices and 
these are presented below. 

Microbiological investigations including blood cultures via a catheter and 
a separate venepuncture, skin entry site swabs for local sepsis and catheter 
tip examination on withdrawal of the device should be carried out where 
appropriate prior to commencement of antibiotics. 

NON-TUNNELLED CVC 

Non-tunneled central venous catheters associated with a mild to moderate 
infection, do not necessarily need to be routinely removed. Indeed, several 
studies (11,12), have demonstrated that the majority of catheters obtained 
from patients with only suspected catheter-related infection were sterile on 
removal suggesting that many devices were inappropriately explanted. It is 
generally accepted that the CVC should however be removed and examined 
microbiologically if the patient is severely unwell with a septicemia or if 
there is erythema and exudate at the catheter exit site (6). If the CVC is 
exchanged over a guide wire and significant colonization of the explanted 
catheter is subsequently demonstrated, the new catheter should also be 
removed and another device placed in a different site (13). When catheter tip 
cultures reveal significant growth without associated sepsis, the patient needs 
to be monitored closely. In this situation, if a significant pathogen such as 
S. aureus or C. albicans is isolated, a short course (5 to 7 days) of an 
appropriate intravenous antimicrobial is recommended by some authors (3). 
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If the causative microorganism of catheter-related sepsis is a coagulase 
negative staphylococcus such as Staphylococcus epidermidis and there is no 
evidence of local or systemic complications including entry site infection, 
septic shock or associated endocarditis, the catheter may be retained (14). 
However if the microorganism is more virulent or difficult to treat such as 
coliforms, C.albicans or 5. aureus the catheter should ideally be removed. If 
removal of the device causes management difficulties such as patients with 
severe thrombocytopaenia or other coagulation problems, treatment with 
systemic antimicrobials and an antibiotic lock in the lumen of the catheter 
can be considered (15). 

A summary of the main indications for the removal of non-tunneled CVC 
is given in Table 1. 

Table 1. Indications for removal of non-tunnelled CVC. 



• Skin site sepsis including erythema and purulent exudate 

• Associated septicemia or bacteraemia 

• Specific infections including S.aureus, Candida spp. or coliforms 

• CVC exchanged over guide wire and associated with significant colonization 

• Evidence of metastatic infection 

• Deteriorating patient condition 

• Treatment failure to antibiotics 



TUNNELLED CVC 

Tunneled CVC are implantable devices, which include those which are 
surgically inserted including Hickman catheters or subcutaneous infusion 
ports such as a port-a-cath. With tunneled devices, it is particularly 
important to clinically establish whether or not a patient has a catheter- 
related infection rather than colonization. This is because it can be relatively 
difficult to remove a surgically implanted device. Blood for culture taken 
under aseptic conditions via the device as well as a separate peripheral 
venepuncture should therefore be obtained. This should include obtaining 
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the appropriate volume of blood to inoculate into the culture bottles to 
facilitate isolation of any causative microorganism and to allow direct 
comparison of time to positivity of the different blood cultures. Patients with 
a confirmed tunnelled CVC associated infection usually require removal of 
the catheter and up to 10 days of antibiotic therapy depending on the 
causative microorganism. For tunneled catheter-related sepsis including 
septicemia caused by more virulent microorganisms or those which are more 
difficult to treat including S. aureus, Candida spp. or coliforms, the devices 
should ideally be removed. Attempts to salvage tunneled devices may be 
made with systemic antimicrobial and antibiotic lock therapy but this 
approach is dependent on the patients clinical condition and the underlying 
pathogen. In comparison, in the presence of uncomplicated infection caused 
by low virulent pathogens such as the coagulase negative staphylococci, the 
device may be retained if there is no evidence of local infection at the 
insertion site or continuing bacteremia or septicemia (16). 

ANTIMICROBIAL TREATMENT FOR CATHETER-RELATED 
SEPSIS 

Antibiotic Lock 

An antibiotic lock involves the administration of antibiotics which remain 
in the internal lumen of the catheter for an extended period of time. 
Intraluminal therapy has the advantages of directing the antimicrobial to the 
focus of microbial colonization and infection and it can be administered in 
the out-patient situation (17). It has been clearly demonstrated for example 
that it is possible to successfully kill susceptible microorganisms attached to 
the internal lumen of catheters using high concentrations of vancomycin 
locked within the device. A number of clinical reports have also 
subsequently reported high rates of successful therapy with use of the 
antimicrobial lock technique. Messing et al. (18) for example used an 
antibiotic lock for 12 hours per day for up to 16 days together with a 3 day 
course of systemic antibiotics for patients with catheter-related sepsis. No 
patients had infection at the insertion site nor a tunnel infection. The 
infections were controlled without catheter removal in 20 out of 22 patients. 
Two treatment failures occurred and were associated with Candida sepsis. 

The likelihood of a CVC related infection being successfully treated with 
antibiotics locked in the catheter is dependent on several factors including 
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the type of infection and the causative microorganism. It is for example 
relatively easy to treat an exit site infection rather than a tunnel infection. 
Infections associated with coagulase negative staphylococci are more likely 
to respond than sepsis related to S. aureus or P. aeruginosa (3,7). Several 
open trials of antibiotic lock therapy with or without parenteral treatment 
used for tunneled catheter-related bacteremias have reported an overall 
response and catheter salvage rate of over 80% (138 in 167 episodes). This 
compares to the standard parenteral therapy for the treatment of tunneled 
catheter-related bloodstream infections with a salvage rate of 66.5% (342 in 
514 episodes) (3,7). The use of the antibiotic lock therefore appears to be 
significantly more effective in treating CVC related sepsis resulting in 
catheter salvage. However, fungal infections poorly respond to anti-fungal 
lock therapy (3,19,20) and catheter removal should always be considered in 
this group of patients. 

Antibiotic lock therapy for catheter-related bacteremia or septicemias is 
now often used in conjunction with systemic antibiotic therapy. It is 
however important that in patients with moderate or severe infections 
including catheter entry site infections, tunnel infections or septicemia, that 
systemic antibiotics are given in addition to an antibiotic lock (21). The 
concentration of the antibiotic in the lock, must be sufficient enough to 
penetrate the biofilm in which the bacteria adhere to the surface of the 
internal catheter lumen. The antibiotics used in the lock are usually given in 
a concentration of between 1 to 5 mg/ml and mixed with a heparin flush to 
completely fill the internal lumen catheter which, dependent on the device 
used, is approximately 2ml. Vancomycin has been used at concentrations of 
1 to 5 mg/ml, gentamicin at 1 to 2 mg/ml and ciprofloxacin at 1 to 2 mg/ml 
(3). The volume of instilled antibiotic is usually removed before the next use 
of the CVC such as when giving intravenous medication. The length of 
antibiotic lock treatment is unclear and has varied in the various studies but 
has been on average about 2 weeks (3). 

Systemic Antimicrobial Therapy 

The commonest microorganisms which cause catheter-related 
bloodstream infections include the coagulase negative staphylococci and S. 
aureus. Catheter-related bloodstream infections should be treated with 
parenteral antibiotic therapy at full therapeutic dose where appropriate. 
Treatment should ideally be administered via the presumed colonized 
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catheter which will remain a focus of infection if retained. The choice of 
antimicrobial agent should he guided hy the antibiotic susceptibility of the 
causative microorganism if known. However, in severely ill patients, 
empirical antibiotic treatment needs to be started based on local 
susceptibility patterns and the likely infecting microorganism. Empirical 
antibiotic treatment is required if the catheter is not removed; if the patient 
has moderate to severe sepsis including septic shock; if the patient is 
immunosuppressed or has an indwelling prosthesis such as a replacement 
heart valve (6). Empirical antibiotic treatment has also been recommended 
for patients with prosthetic joints (22). 

SPECIFIC ANTIMICROBIAL THERAPY 

Glycopeptides such as vancomycin and teicoplanin are active against 
most staphylococci including the methicillin resistant coagulase negative 
staphylococci and S. aureus. There have been a number of studies which 
have compared vancomycin and teicoplanin for the treatment of CVC sepsis 
and they have shown similar efficacy with high response rates, (23,24). 
Other trials have reported reduced efficacy with teicoplanin as compared to 
vancomycin to treat staphylococcal sepsis (25). This may reflect resistance 
of some coagulase negative staphylococci, for example Staphylococcus 
haemolyticus to teicoplanin. Empirical treatment with vancomycin may 
therefore be more appropriate than teicoplanin, if the patient has an infection 
caused by a Staphylococcus resistant to flucloxacillin. 

Gram negative aerobic bacilli primarily cause between 10 and 20% of all 
episodes of CVC related sepsis. Therefore, in patients exhibiting clinical 
evidence of Gram negative aerobic sepsis, additional empirical cover for 
coliforms and also for P. aeruginosa needs to be considered, particularly in 
hospitalised patients. This includes the considering the use of intravenous 
cephalosporins such as ceftazidime, the quinolones for example 
ciprofloxacin or an aminoglycoside including gentamicin. The choice of 
antimicrobial must be guided by the antimicrobial local sensitivity pattern of 
pathogens and what type of microorganisms are predominant in in any 
particular clinical area. 

If the patient has a suspected fungaemia, then intravenous fluconazole 
should be considered (26). However, if the patient is colonized or the 
infection is caused by Candida spp. species other than Candida albicans, 
then amphotericin should be considered particularly in the seriously ill 
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patient. Anti-fungal therapy should be also be considered for patients with 
previous CVC related candidemia. Many patients with fungal CVC related 
infections have been treated with amphotericin and together with removal of 
the catheter this has resulted in a good response. It is unclear however, as to 
the length of therapy required (26). It is usually recommended that antifungal 
treatment is given for at least 14 days after the last positive culture. 

There are very few controlled trials with adequate numbers of patients to 
confirm the optimal antibiotics and their duration for the treatment of 
catheter-related bloodstream infection. Indeed further research is required to 
answer the question of optimal length of treatment. Conventional 
recommendations advise prolonged treatment if there is concern of 
underlying associated infections such as septic thrombosis, osteomyelitis or 
endocarditis. However, other studies have suggested that shorter courses 
(10-14 days) of treatment may be given if the risk of infection related 
complications is relatively low (8). Many of these studies have been only on 
a limited number of patients making analysis difficult. Conversely (27), in a 
meta-analysis of published studies it was concluded that short courses of 
antibiotics for uncomplicated catheter-related S.aureus bacteremia could not 
be supported. Despite this, substantial numbers of patients receiving short 
courses of antimicrobial therapy do respond adequately. It is therefore 
generally accepted that if there is a relatively rapid response to the initial 
antibiotic treatment and for patients who are not immunocompromised 
without an underlying associated clinical risk factor such as a prosthetic 
device in situ, then they should receive between 10 to 14 days of 
antimicrobial therapy. 

Up to one third of patients with CVC related sepsis develop a major 
complication including septic shock, phlebitis, metastatic infection and 
endocarditis and this should always be taken into account (Arnow 1993). 
This underlines the importance of identifying and treating these infections 
early and with the most appropriate antimicrobial agent. Persisting 
bacteraemia, septicaemia or fungaemia after catheter removal and 
commencement of appropriate antimicrobial treatment may suggest a 
metastatic infection. If there is evidence of associated infection related to the 
bacteraemia including septic thrombosis or endocarditis, longer courses of 
therapy should always be considered, up to 6 weeks for endocarditis or septic 
thrombosis and up to 8 weeks for osteomyelitis. 
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RECOMMENDATIONS FOR THE MANAGEMENT OF SPECIFIC 
INFECTIONS 

Blood cultures and swabs of infected insertion sites should be taken prior 
to commencement of the antimicrobial therapy. When a causative 
microorganism has been identified and its sensitivity pattern determined, 
then specific directed antimicrobial therapy can be commenced. 

Table 2 summarizes the antibiotics which may be used for the different 
causative microorganisms of CVC sepsis. The antimicrobial treatment of 
selected specific pathogens is dealt with in more detail below. 

Vancomycin Resistant Staphylococci or Enterococci 

Quinupristin-dalfdopristin, a semi-synthetic streptogramin, is an 
alternative to glycopeptides for the treatment of catheter-related infections 
caused by vancomycin resistant enterococci or Staphylococci. In a 
randomized trial involving 39 patients with catheter-related staphylococcal 
bacteraemia quinupristin-dalfopristin was similar in efficacy to vancomycin 
(28). 
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Table 2. Intravenous Antimicrobial Treatment of Central Venous Catheter-Related 
Bloodstream Infection in Adults. 



Causative microorganism 


+ Antimicrobial 


Gram-positive cocci 




S. aureus 




Methicillin sensitive 


Flucloxacillin 


Methicillin resistant 


Vancomycin 


Coagulase-negative staphylococci 




Methicillin sensitive 


Flucloxacillin 


Methicillin resistant 


Vancomycin 


E.faecalis/E.faecium 




Ampicillin sensitive 


Ampicillin ± aminoglycoside 


Ampicillin resistant, vancomycin sensitive 


Vancomycin ± aminoglycoside 
Linezolid or Quinupristin/Dalfopristin 


Vancomycin resistant 




Gram-negative bacilli 

Conforms e.g. E.coli and Klebsiella species 


Cefotaxime or Ciprofloxacin 


Pseudomonas aeruginosa 


Ceftazidime + aminoglycoside 


Fungi 




C.albicans or Candida species (non albicans) 


Amphotericin or fluconazole (if Candida 
spp. is susceptible) 



+ the antimicrobial agent recommended needs to reflect the sensitivity pattern of the 
microorganism causing the sepsis and may therefore need modification when culture and 
sensitivity results are available. 

Staphylococcus aureus 

As discussed above, if a nontunnelled CVC is suspected to be the source 
of S. aureus bacteraemia, the device should be removed, and a new catheter 
should be re-inserted at a different site (8,19,29). Similarly, tunnelled CVC 
should be removed if there is evidence of tunnel, or exit-site infection 
(3,7,30). Patients with uncomplicated catheter-related bacteremia or 
septicemia caused by S. aureus should be treated for a minimum of 10 to 14 
days after catheter removal. 
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When catheter salvage is clinically critical and a decision is made to 
retain the device, treatment with appropriate systemic antimicrobial and 
antihiotic lock therapy for at least 14 days may he attempted (3,31). 

However in a report of 50 patients with S. aureus catheter-related sepsis, 
delayed catheter removal was associated with increased mortality (8). This 
needs to he taken into account when attempting catheter salvage. Similarly, 
in a meta-analysis of 1 1 studies, 8 of 132 patients, who had a short course of 
treatment for S. aureus, developed endocarditis or infection at another site 
(27). 

Echocardiography should therefore he carried out on at risk patients to 
diagnose possible endocarditis that requires therapy for 4-6 weeks (19,32). If 
there is evidence of other distant foci of infection, such as septic venous 
thrombosis, treatment should similarly be continued for several weeks. 
Patients with a negative echocardiogram whose catheter has been removed 
should be treated with appropriate antibiotics for 10-14 days with systemic 
antibiotic therapy (19,32). 

Coagulase-Negative Staphylococci 

Vancomycin or flucloxacillin for 7 days should be used to treat CVC- 
related sepsis caused by coagulase negative staphylococci, if the isolate is 
susceptible (3,33,34) and the catheter removed. If the CVC is retained (non- 
tunneled or tunneled), systemic antibiotic therapy together with antibiotic 
lock therapy for up to 14 days should be considered. (3,17,19-21). 

CONCLUSIONS 

CVC related sepsis offers a challenge to the clinician both in terms of 
diagnosis and treatment. The general therapeutic approaches include 
removal of the device with a short course of appropriate antibiotics. 
Removal of a CVC is desirable particularly with implanted devices and 
difficult to treat infections which may metastasize including S. aureus, 
coliforms or Candida spp. If a device is kept in-situ and is associated with 
sepsis, treatment with systemic and line locked antimicrobials needs to be 
considered, but may not be successful. Infectious complications including 
endocarditis and septic thrombosis associated with CVC are relatively 
common and patients should always be monitored for these conditions. 
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PREVENTION 
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Introduction 

The prevention of catheter-associated infections relies above all on a 
strict observance of the basic rules of hygiene. Among these, hand hygiene 
can be considered as the first and most important. More specific measures, 
including the use of maximal sterile barriers during insertion, optimal 
insertion site preparation, detailed guidelines for catheter replacement, and 
defining particular situations for the use of antiseptic/antibiotic-coated 
devices have been studied in detail in many clinical studies. Detailed 
guidelines for the insertion and the care of vascular accesses are regularly 
published, but data from surveillance programs have shown repeatedly that 
they are generally either not applied or inadequately so. 
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GUIDELINES 

Thousands of guidelines have been proposed to physicians. Many of them 
concern preventive care (1,2). They represent a major tool to identify the best 
evidence-based procedure of care to educate healthcare workers (HCWs) and 
to improve the quality of healthcare delivery (3). 

However, many physicians remain wary of their intent. A survey of 
American College of Physicians members published in 1994 indicated that 
43% of physicians believed that guidelines would increase healthcare costs, 
68% that they would be used to discipline them, and 34% that they would 
make medical practice less satisfying (4). Although evidence has suggested 
that guidelines could improve both the process and the outcome of patient 
care, the degree of improvement has varied and may only have been transient 
(2). Accordingly, efficient guideline implementation requires their 
integration in a manner that effectively communicates best practice to be 
incorporated by HCWs (5-7). 

GENERAL MEASURES 

As for any other nosocomial infection, the prevention of vascular access- 
related infections relies on a strict respect of the basic rules of hygiene, 
particularly hand hygiene procedures. 

It has now been clearly and firmly established that the promotion of hand 
rubbing with alcohol-based formulations may result in significant and 
prolonged improvement of hand hygiene practices compared to traditional 
hand washing with soap and water, for which compliance rarely exceeds 
40% (8). Hand rubbing combines the advantages of a rapid action with more 
potent antimicrobial efficacy at a lower cost. Accordingly, guidelines for 
hand hygiene procedures have been completely reviewed and adapted to 
these concepts (9). 

TRAINING AND EDUCATIONAL PROGRAMS 

Training and educational programs specifically designed to reduce the 
incidence of catheter-associated infections were recently proved to be 
effective (10-12). Education of the HCWs in charge of the insertion and 
handling of vascular access in ICUs, where almost all patients are equipped 
with at least one IV line, was the cornerstone of these programs. Their 
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objective was to obtain adherence to previously published guidelines and 
standardization of care at the bedside as established by ward reference staff 
in close collaboration with infection control specialists. 

THE NORTH CAROLINA EXPERIENCE 

Sherertz et al. (10) recently reported that an educational program of 
physician-in-training can decrease the risk of catheter-related infections. 
They reported on 3090 catheters inserted over an 18-month period in six 
ICUs and in one step-down unit after the introduction of the program. 

The program consisted of a one-day course on infection control practices 
and vascular access insertion procedures. It included a one-hour introduction 
of basic infection control principles (hand hygiene, isolation and barrier use, 
handling of patients with resistant organisms and varicella). Thereafter, 
students and physicians rotated through a series of one-hour stations, during 
which they received 5 to 15 minutes of didactic instruction followed by 
hands-on instruction overseen by faculty members. Training was provided 
in: 1) blood-draws through vascular lines; 2) arterial puncture; 3) insertion of 
arterial lines and central venous catheters (CVCs); 4) urinary catheter 
insertion; 5) lumbar puncture; 6) peripheral venous catheter insertion; and 7) 
phlebotomy. Participants were also instructed to change dressings and 
intravenous tubing every three days and not to adhere to fixed schedules for 
changing CVCs (Table 1). 

This program was shown to reduce the associated infection rate by 28%, 
from 3.3 to 2.4 episodes/1000 CVC-days. 

THE GENEVA EXPERIENCE 

We conducted a study to evaluate the impact of a global strategy targeted 
at the reduction of catheter-related infections in 3154 critically-ill patients 
consecutively admitted to a medical ICU (11). 

The program consisted of slide-show-based educational sessions and 
bedside training of both physicians and nurses and included specific 
recommendations for the insertion and handling of vascular accesses (13,14) 
(Table 2). 

Following the introduction of this educational program, the incidence- 
density of exit-site catheter infection decreased by 64%, and that of primary 
bloodstream infections by 67% (11). Although the overall exposure to CVCs 
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did not significantly differ between the control and the intervention periods 
(median duration, 4 days, P=0.94), the incidence-density of bloodstream 
infections markedly decreased from 22.9 to 6.2 episodes/1000 CVC-days due 
to a reduced incidence of both microbiologically-documented infection (from 
6.6 to 2.3 episodes/1000 CVC-days) and clinical sepsis (from 16.3 to 3.9 
episodes/1000 CVC-days). Overall, the incidence-density of all ICU- 
acquired nosocomial infections was reduced by 35% (from 52.4 to 34.0 
episodes/1000 patient-days). This corresponded to the prevention of 50 to 
104 nosocomial infections over an 8-month period including at least 1 to 11 
primary bloodstream infections, 15 to 29 clinical sepsis, and 15 to 32 
vascular-access related infections. 
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Table 1. Detailed Content of a 1-Day “Hands-On” Course on Basic Procedures and 
Infection Control Practices to Physicians-In-Traintng Newly Incorporated in the 
Staff of Six ICUs and One Step-Down Unit*. 



1-hour course ^ 


Basic infection control principles 
-Hand hygiene procedures 
-Appropriate use of barrier garments 
-Handling of patients with resistant organisms 


1-hour station ^ 


Training stations 
-Blood-draw through vascular lines 
-Arterial puncture 

-Insertion of arterial lines and central venous catheters 
-Urinary catheter insertion 
-Lumbar puncture 

-Peripheral venous catheter insertion * 

-Phlebotomy* 


Guidelines 


Recommendations targeted at vascular access care 

-Use of povidone-iodine for skin preparation 

-Use of full-size sterile drapes for insertion 

-Avoidance of antibiotic ointment at the insertion site 

-Use of clear plastic dressings 

-Dressing and tubing change every 3 days 

-No fixed schedules for changing central venous catheters 



♦ Adapted from reference (10) 

t Completed by a 1-hour course on Occupational Safety and Health Administration 
(http://www.osha.gov) for blood and body fluids and for tuberculosis on a different 
day ; | Consisting o f 5-15 minutes of didactic instruction, followed by hands-on 
training on mannequins 

&Training was performed on mannequins, then on other participants 
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Table 2. Detailed Guidelines for Insertion and Handling of Vascular Accesses to 
Prevent Catheter-Related Infections, Medical ICU, University of Geneva 
Hospitals*. 



Hygkne 


Hand disinfection; 
Hand washing; 


Strongly emphasized for any care (http://www.hopisafe.ch) 
Restricted to visibly soiled hands, followed by hand disinfection 


Material 


Preparation; 


Material disposed according to detailed listing to avoid interruptions during insertion ' 


Patient 


Installation: 


Patient and devices placed to provide sufficient access to the insertion site for the operator 


Insertion 


SIcin preparation; 

Antisepsis. 

Technique; 

Site; 

Fixation 


Hair*cutiing instead of shaving 

Alcohol-based (75%, vAr) solution with chlorhexidine gluconate (0.5%) 

Maximal barrier precautions; sterile gown and gloves, cap, surgical mask, large sterile drapes 
Promotion of subclavian (CVC) and wrist vein (short lines) sites 
Promotion of simple node at the exit-site, without special fixing device 


Dressing 


Transparent dress; 
Dry gauze: 


Occlusive devices without gauze not allowed 
Occlusion with porous adhesive band imposed 


Handling 


General measure. 
Blood sampling: 
Drug infusions. 

Cardiac output: 


New caps after any opening of the hubs 
On antiseptic-impregnated pads 

On antiseptic-impregnated pads; new temporary pipe for each 
administration 

Closed system only, without opening of the circuit 


Replacement 


72 hr intervals; 
24 hr intervals; 


For dressings, sets, pipes and devices 
For lipid Of blood p^uci lines 


Removal 


In general: 

Special conditions; 


Peripheral lines after 72 hrs 
Central lines as clinically indicated 

Prompt removal if vascular accesses not absolutely necessary 

Guidewire exchange systematically performed for any unexplained clinical sepsis ’ 



* Adapted from references (11,13). 

t Precise listing of the material needed as well as detailed description of the insertion 
process must be given to all the staff of the unit including physicians, nurses and nursing 
assistants 

f Clinical sepsis was defined as the one of the following clinical signs or symptom with 
no other recognized cause: fever (>38°C), hypotension (systolic blood pressure £ 90 
mmHg), or oliguria ( <20 ml/hr) and all of the following: blood culture not performed; no 
apparent, infection at another site; physician institutes appropriate antimicrobial therapy 
for sepsis (14). 
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Table 3. Detailed Content of the Education Program for Insertion and Maintenance 
of Central Venous Catheters Directed Toward Registered ICU Nurses to Reduce 
Catheter-Related Infections Rates (adapted from reference 12). 



Self-study 

module 



Guidelines 



Evaluation 



Information related to catheter-related infections 

1 . Epidemiology and scope of the problem 

2. Risk factors, with special emphasis on 

- length of hospitalization and of catheterization time 

- colonization of insertion site and hub 

- anatomical location of central venous catheter insertion 

3. Etiology 

4. Definitions 

5. Methods to decrease risk 

- hand washing and antisepsis technique 

- methods for detecting clinical signs and symptoms of local 
infection 

- technique for sending catheter-tip culture 

- routine catheter site care 

- replacing administration sets and fluids 

- cleaning and changing injection ports and luer-lock caps 
• how to handle parenteral fluids and multidose vials 

- procedure for drawing blood cultures 

Guidelines for catheter maintenance 

Changing injection caps and intravenous tubing for fluids and 
medications every 72 hrs (or immediately if blood accumulated in or 
round the cap or its integrity was compromised) 

Replacement of transparent line dressings every 7 days 
Replacement of gauze dressings, used solely when there was 
bleeding or oozing at the insertion site, every 48 hrs 
Immediate replacement of dressings that were soiled or no longer 
occlusive 

Pre- and postintervention test 

Pre and post-test and the study module were mandatory for all 
registered nurses in the ICU 

Nurses who scored below 80% correct on the post-test were required 
to repeat the module 

Information covered on pre- and postintervention test 

Number of hospital-acquired bloodstream infections in the US/year 
Percentage of ICU bacteremias associated with intravenous devices 
Aseptic technique 

Risk of infection in subclavian central venous catheters 

Pathophysiology of contamination of catheter hub 

Clinical manifestations of catheter-related bloodstream infection 

Sending catheter tip for culture 

Technique and timing of scheduled dressing changes 

Handwashing, sterile glove and mask usage 

Antimicrobial ointment usage 

Frequency of intravenous tubing and luer-lock cap changes 
Timing and dating of multidose vials 
Accessing central venous catheter ports 
Blood culture technique 
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THE ST, LOUIS EXPERIENCE 

More specifically designed to improve the handling of vascular accesses 
by the nursing staff, an education-based program was introduced in a 
surgical ICU at the Barnes-Jewish hospital in St Louis, Missouri (12). Based 
on a self-learning process, staff were asked to answer a series of questions 

before and after reading a brochure on catheter-related infections. The 
brochure included epidemiological data, physiopathological concepts and 
detailed preventive measures. Key recommendations were supported by 
posters and regular reminders in the ward, similar to the program described 
in Geneva (11,15) (Table 3). 

Here again, the impact was very impressive. Eighteen months following 
the introduction of the program, the incidence-density of primary bacteremia 
was reduced from 10.8 to 3.7 episodes/1000 catheter-days (12). 

COST EEEECTIVENESS OE EDUCATIONAL PROGRAMS 

Although the attributable costs of vascular-access related infections 
remain to be precisely determined, the overall benefit from the described 
education programs can be assessed. Using a conservative approach to 
estimate resource use, the reduction in nosocomial infections reported after 
the introduction of these programs was at least as effective as the reduction 
that could be expected if antiseptic-coated catheters would have been 
introduced in the corresponding wards. 

Sherertz et al. estimated that the introduction of the program was 
followed by cost savings of between US$ 63,000-800,000 (10). This 
corresponded to the salary of a specialized nurse in all six participating units 
for one month in the low hypothesis to one year in the high hypothesis. 
According to the cost-efficacy analysis conducted by Veenstra et al. which 
estimated that the use of each chlorhexidine-silver-sulfadiazine coated- 
catheter saved US$ 68-391 (16), this may correspond to the anticipated 
benefit gained with the use of 161 to 926 devices in the lower hypothesis and 
of 2035 to 11,767 in the high hypothesis, as compared to an average of 390 
catheters used during the study period. 

Cost savings one year after the intervention in Geneva would correspond 
to the annual salary of 3 to 4 full-time infection control nurses. According to 
the cost-efficacy analysis performed by Veenstra et al. (16), this may also 
correspond to the anticipated benefit gained with 540 to 3103 catheters for 
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the lower benefit hypothesis and from 3061 to 6102 catheters for the upper 
hypothesis, as compared to an average of 500 catheters annually used in the 
unit. 

In the experience from St Louis, by multiplying the estimated cost 
resulting from the number of infections avoided (US $3700-24,000), 
Coopersmith et al. evaluated that their program saved US $185,000- 
2,808,000 over an 18-month period. This corresponds to 2 to 30 specialized 
nurses or between 473 to 41,294 coated catheters, as compared to 727 
catheters placed during the same period. 

LONG-TERM IMPACT 

Preliminary results from Geneva, 30 months after the implementation of 
the prevention program, showed that catheter-related infection rates 
decreased by a further 25% as compared to the results from the initial report. 
This represents a 90% decrease compared to the initial rates (17) and 
strongly suggests that the integration in daily practice of most of the 
elements included in the preventive program is effectively possible. 

NEW RECOMMENDATIONS 

These observations indicate that behavioral changes may have played a 
key role in the success of the described educational programs which were 
based on multimodal and multidisciplinary approaches including 
communication and education tools, active participation of HCWs and 
positive feedback, and systematic involvement of institutional leaders 
(18,19). 

Accordingly, the concept of preventing catheter-related infections has 
evolved, and education-based programs, including some adaptation of 
specific measures by the staff of the targeted wards, are now recommended 
as a first line strategy in the recently updated guidelines for the prevention of 
these infections (7). 
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CONCLUSIONS 

In the absence of other clinical focus of infection, vascular accesses are 
responsible for the majority of primary bloodstream infections and clinical 
sepsis. Potentially lethal, these infections account for a significant 
prolongation of hospital stay, additional morbidity, and associated costs. 
However, a large number of these infections are preventable, and they should 
no longer be viewed as an inexorable tribute to pay to technologic medicine. 

Their prevention should be conceived as improvement of the quality of 
care and based on the introduction of education-based programs. These 
programs should include both general measures targeted at an improved 
observance of the basic hygienic rules, such as hand hygiene procedures, and 
more specific measures to be progressively included in the standard of care. 
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Introduction 

Vascular catheter infections are important causes of patient morbidity and 
mortality which affect over 200,000 patients per year in the United States 
(1). A number of well done studies have identified interventions which 
reduce the risk of vascular catheter infections. These include the use of 
chlorhexidine as a skin preparation agent, the use of maximum sterile 
barriers for catheter insertion, and utilizing catheters with anti-infective 
coatings (2-7). With mounting evidence that various interventions are 
effective for reducing the risk of vascular catheter infections, guidelines have 
been developed that advise the medical community about the effectiveness of 
the various interventions and where they should be considered (8). One of 
the category I (strongly recommended) recommendations in the most recent 
guidelines from the CDC is that education about vascular catheter infections 
is an effective intervention that should be part of each hospital’s infection 
control program (8). The remainder of this discussion will evaluate the 
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available studies that have investigated whether education is an effective 
intervention for preventing vascular catheter infection. 

Doing a literature review from 1966 to 2003 yielded eight studies where 
education was used in an attempt to reduce vascular catheter infections 
(Table) (9-16). Two of the investigations used education in response to 
extremely high infection rates (12,16). In the first study by Puntis et al. a 
45% catheter infection rate in 58 patients was seen in children undergoing 
hyperalimentation therapy (16). An educational program was implemented 
by the nutritional care sister which included didactic instruction for all 
existing medical and nursing staff and was also given to all arriving new staff 
who participated in the insertion and care of vascular catheters. Education 
also included the use of a videotape about bag 

changing and line flushing. Subsequent follow-up demonstrated a reduction 
in line sepsis to 8% in 107 patients. In the second study reported by Maas et 
al. a 42% infection rate (11/26) of central venous catheter-related 
bloodstream infection in a neonatal intensive care unit prompted an 
educational intervention (12). The infection control team delivered in-service 
training to both physicians and nurses including practical demonstrations of 
the more stringent catheter care protocol developed in response to the high 
infection rate. Over the subsequent four year follow-up period the infection 
rate was much lower (12%). 



Table. Effect of Educational Interventions on Vascular Catheter Infection Rates. 



Year 


Educational 

Intervention 


Group 

Educated 


Patient 

Group 


Study 

Length 


#Paiients 

Followed 


Control 
Infect Rate* 


Post 

Education 

Infection 

Rate* 


2002(9) 


Self-study 

module 


RN 


SICU 


36m 


4.283 


10.8/1000dd 


3.7/lOOOdcr 


2000(10) 


Didactic. 

hands-on 


MD 


ICU 


30m 


>7,000 


4.5/lOOOpd 


2.9/1 OOOdcf 


2000(11) 


Didactic, 

hands-on 


RN.MD 


MICU 


24m 


3.154 


11.3/lOOOpd 


3.3/lOOOdtr 


1998(12) 


Didactic. 

hands-on 


RN.MD 


NICU 


60m 


182 


42%( 11/26) 


12%/1000d(r 


1997(13) 


Didactic 


RN.F 


Fed 


1 Im 


286 


4.6/lOOOdd 


3.8/lOOOdd'' 


1996(14) 


Didactic 

(RN) 

Hands-on 

(MS2) 


RN.MD 


All 


72m 


MA 


0.9% 


0.9%' 


1994(15) 


Didactic 


RN 


Mixed 


6m 


NA 


0 


0' 


1991(16) 


Didactic 


RN.MD 


Fed 


NA 


165 


45%(26/58) 


8%(9/107)'’‘ 



Abbreviations: RN=registered nurse, MD=medical doctor, SICU=surgical intensive care unit. 



MICU=medical intensive care unit, Ped=pediatric, F=family, MS=medical student 
a - Primary bloodstream infection rates; b - Catheter-related bloodstream infection rates; 
c - Significantly lower than control, P<.05; d - No difference from control, P>.05 
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In the other six investigations the educational interventions occurred in 
the absence of perceived excess infection rates and were implemented to see 
if the baseline infection rate could be reduced (9-11, 13-15). In three of the 
studies catheter-related bloodstream infection rates were not significantly 
reduced (13-15). Parras et al. evaluated the efficacy of an education program 
using two cross-sectional studies done before and after their intervention 
(15). The educational intervention consisted of didactic sessions by nurses 
given to all nurses working within a targeted 500 bed area of the hospital. No 
catheter-related bloodstream infection was documented either before or after 
the cross-sectional study. This study had very limited power to detect an 
impact on catheter-related bloodstream due to the cross-sectional design. 
Notably, they did document significant reductions in inappropriate catheter 
care (83% to 38%) and a reduction in skin colonization under the dressing 
(34% to 18%). No change was noted in catheter hub or catheter tip 
colonization. In the second study, Cohran et al. examined the impact of an 
intravascular surveillance and education program on catheter-related 
bloodstream infection (14). The educational component consisted of nurses 
giving feedback regarding compliance with standards of practice to 
physicians and nurses and didactic educational programs for physicians and 
nurses. There was no significant change in primary bloodstream infection 
rates comparing the three years during the program with three years after the 
program was discontinued for financial reasons. In the third study by Lange 
et al. an educational intervention was used to try and reduce the risk of 
catheter-related infections in a children’s hospital (13). First a comprehensive 
assessment was made of what practices need to be changed. Then nurses 
educated nurses on eight nursing units as well as educated the families of all 
catheterized patients. The preintervention period was compared with the 
postintervention period and no difference was found in catheter-related 
bloodstream infection; although there was a significant reduction in catheter 
exit site infections (0.58 to 0.11). 

In the final three studies educational interventions demonstrated 
reductions in catheter-related bloodstream infections from the baseline rate. 
Sherertz et al. developed a hands-on course whereby all arriving interns were 
taught the proper technique for doing a variety of basic procedures, one of 
which was the insertion of central lines (10). The course was initiated after it 
became clear that the use of maximal sterile barriers for central line insertion 
occurred with less than 20% of insertions in spite of yearly didactic 
education. The central line portion of the course was taught by intensive care 
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physicians. Compared with prospectively collected baseline data the 
catheter-related bloodstream infection rate fell 35% during the 18 month 
follow-up period. They also documented a 48% increase in the use of full 
sterile drapes after the course began. Eggimann et al. developed a course 
taught to all medical intensive unit personnel targeting the reduction of 
vascular catheter infections (11). The course involved both didactic 
instruction and practical demonstrations. It was taught by a physician and 
two infection control nurses. In the targeted intensive care unit there was a 
significant reduction in primary bloodstream infection and catheter exit site 
infections, while no change occurred in a surgical intensive care unit where 
the intervention did not occur. Finally, Coopersmith et al. employed a self- 
study model that was given primarily to nurses working in a surgical 
intensive care unit (9). They found a 66% reduction in primary bloodstream 
infections comparing an 18 month baseline period with an 18 month post- 
intervention period. They observed no change in the rate of secondary 
bacteremias in the same time period. 

In aggregate then 5/8 reports demonstrated a reduction in catheter-related 
infections and 3/8 found no change in infection rates. Of note 4/5 of the 
groups reporting success taught physicians with or without nurse education, 
whereas only 1/3 of the groups reporting no change taught physicians. This 
suggests that physician behavior plays a major role in the infection rates 
associated with ICU catheter-related infections. Since physicians are 
essentially involved only in inserting the catheters, this suggests that a 
successful ICU focused program must focus on the insertion process itself. 
This also suggests that most of the catheters in ICU patients are short term 
(<I-2 weeks), because there are good data available suggesting that after the 
first one to two weeks the predominant risk of infection is associated with 
line breaks which are primarily done by nurses (17). 

That it was possible to change physician behavior through education with 
a resultant change in patient outcomes is a very important finding. There are 
many reports demonstrating the failure of physician CME in changing 
physician behavior and very few reports demonstrating changes in outcome 
(18-22). The recurring theme in the discussions of why CME is unsuccessful 
is that didactic interactions do not change physician practice. Programs that 
employ interactive or hands-on methodologies are much more likely to have 
successful outcomes (19). Thus, it may be significant that 4/5 successful 
programs reviewed in this article used more than didactic education and 2/3 
unsuccessful programs used just didactic education. It is particularly 
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interesting that the self-study modules employed by Coopersmith et al. and 
primarily used by nurses were able to have a significant effect in reducing 
the infection rates in a surgical ICU. It suggests that the nurses in the unit 
studied must play a very important role in the catheter insertion process, ie 
perhaps assisting the physician inserters, otherwise it is hard to imagine why 
there was such a large reduction in catheter-related infection. 

The cost-benefit of a successful catheter infection education program is 
potentially large. Utilizing published attributable costs for catheter-related 
infections Sherertz et al. estimated that their program resulted in a net 
savings of at least $55,000 using the most conservative estimate of 
attributable cost with potential savings of up to $800,000 (10,22,23). 
Coopersmith et al. estimated that their intervention resulted in savings that 
could range from $185,000 to $2,808,000 (9). Thus, even though such 
educational programs may have significant start-up costs, the long term 
benefit potential can easily pay for the program with leftover additional 
savings. 

In conclusion, studies in the literature demonstrate that educational 
programs can reduce the risk of catheter-related infections. Successful 
programs target physicians and use teaching methods in addition to didactic 
lectures, such as hands-on demonstrations. Successful programs are cost- 
effective and should be considered before jumping to more expensive 
interventions such as catheters with anti-infective coatings. 
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Introduction 

Central venous catheters (CVCs) inserted for short-term use are common 
and indispensable tools for the care of critically ill patients. The risk of 
exposure to these devices is 48% per intensive care unit (ICU) day. 
However, short-term CVCs are also associated with serious complications, 
notably infection, and catheter-related bloodstream infection (CR-BSI) 
represents the third most frequent cause of nosocomial infection in the ICU. 

Risk factors for CVC-BSI can be divided into host-related and catheter- 
related factors. The underlying condition of the patient influences the risk of 
CR-BSI. Malignancy, immunodeficiency, severe burns, and malnutrition, aU 
conditions that compromise host defenses, lead to a higher rate of infection. 
Similarly, severe sepsis, or severe and sustained multiple organ dysfunction 
are also associated with a higher risk of CR-BSI (I). 

A large number of risk factors are device-related, thus suggesting that 
CR-BSI is accessible to prevention if rigorous policies are adopted. 
Healthcare worker education and training, and continuous quality 
improvement programs are essential and discussed in detail in another 
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chapter. The potential interest of different type of procedures and technical 
developments usable in ICU patients have been extensively reviewed (1-3). 
In this chapter, some particular points will be looked at in detail, together 
with practical recommendations for implementing and encouraging an ICU 
prevention strategy. 

MECHANISMS OF INFECTION 

Colonization of the catheter may occur by two main pathways: the 
extraluminal route or the intraluminal route. For short-term CVSs (<15-20 
days), the cutaneous entry site is the predominant route of colonization, 
whereas colonization via the endoluminal route resulting from hub 
contamination predominates for long-term CVCs (4). In both cases, the 
source of microorganisms is from the patient’s own skin commensal flora. 
Accordingly, the occurrence of bacteremia caused by common skin 
organisms is a major criterion for the diagnosis of CR-BSI. Most infections 
are caused by Gram-positive cocci. 

Other sources of microorganisms, which are considered to be relatively 
minor contributors to sepsis, are either via hematogeneous spread from other 
body sites or from a contaminated infusate. 

CATHETER INSERTION 

Sterile Barrier Precautions 

Full barrier precautions using sterile gloves, long-sleeved sterile gown, 
mask, cap and large sterile sheet drape during catheter insertion is a 
fundamental way to prevent CR-BSI and must be considered as standard 
during central venous and pulmonary catheter insertion (5). The potential 
interest of handrubbing with an aqueous alcoholic solution in improving the 
compliance and the tolerance of hand-cleansing in the operating room have 
been reported recently, and its use might probably be extended to central 
venous catheter insertion precautions (6). 

Cutaneous Antisepsis 

Rigorous cleansing and disinfection of the insertion site is a key point. A 
recent meta-analysis suggested that chlorhexidine solution is superior to 
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povidone iodine solution. However, most studies compared 2% 
chlortiexidine or chlorliexidine-alcotiol preparation to povidone iodine (7). 
Alcoholic-povidone iodine is associated with a better cutaneous antisepsis 
(8). and a lower rate of significant catheter colonization than the regular 
solution of povidone iodine, (9) but the former has not been compared as yet 
to chlorhexidine-alcohol. 

In current practice, chlorhexidine solutions are recommended. However, 
povidone iodine is used in many ICUs because of its broad spectrum activity 
and a very rare intrinsic or acquired resistance to bacteria or fungi (10). If 
used, povidone iodine needs to remain on the skin for at least I minute 
before catheter insertion. The interest of alcoholic-povidone iodine solution 
needs to be tested in clinical trials to determine its actual efficacy. 

Catheter Insertion Site 

Central venous catheter insertion is required in many critically ill patients. 
Selection of the insertion site should be based on both the ease and the risks 
of the procedure. These latter include infection, thrombosis, and mechanical 
complications (11). 

The choice of the best central venous access for a particular patient is 
based on the rate and the severity of failures and complications. Internal 
jugular access is associated with a low rate of severe mechanical 
complications in the ICU as compared to subclavian access and should be 
preferred for short-term access (<5-7 days) and for hemodialysis catheters 
(12). Subclavian access is associated with a lower risk of infection and is the 
route of choice in experienced hands if the risk of infection is high (CVC > 
5-7 days), or if the risk of mechanical complication is low.l A recent 
prospective, randomized study in 289 adult ICU patients compared the 
untunnelled subclavian approach to the untunnelled femoral approach (13). 
Patients with severe hypoxia (PF ratio<150 mmHg) or coagulation disorders 
(platelets<50 000/mm^, PTT>1.6 normal, APTT>2 normal, anticoagulant 
therapy) were not included. The femoral approach was associated with 
higher rates of significant catheter colonization (19.8% vs. 4.5%, p<0.001) 
and CR-BSI (4.4% vs. 1.5%, p=0.07). In the same study, an independent 
positive association was found between catheter-related thrombosis and the 
femoral approach (21.5% vs. 1.9%, p<0.001), and complete thrombosis was 
diagnosed in 6% of patients in the femoral group vs. none in the subclavian 
group (p=0.01). Finally, the risk of major mechanical complications was not 
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significantly different between the groups (subclavian, 4/144 (4 
pneumothoraces) vs. femoral, 2/145 (2 hematomas requiring blood 
transfusion and/or surgery), p=0.45). In mechanically ventilated patients 
without severe coagulation disorders or respiratory failure, subclavian access 
should be preferred over femoral access. The use of femoral catheters should 
be restricted to patients for whom pneumothorax or hemorrhage would be 
unacceptable. 

Catheter Tunneling 

Subcutaneous tunnelling of short-term catheters inserted into the jugular 
(14) or the femoral vein (15) decreased the risk of CR-BSI more than 3-fold . 
It probably acts by reducing the extraluminal migration of microorganisms 
into the bloodstream and by allowing a better occlusion of dressings. The 
interest of catheter tunnelling is maximized if the main route of catheter 
contamination is extraluminal and when catheters are not used for drawing 
blood (1). It should be recommended for short-term CVCs (<30 days) 
inserted in the ICU if subclavian access is undesirable. 

PROPHYLACTIC TREATMENTS 

Antithrombotic Prophylaxis 

Both experimental and cohort studies (16,17) have suggested a close 
relationship between catheter-thrombosis and infection. Several proteins of 
the thrombus are able to increase adherence of staphylococci and Candida 
spp. to catheters and thrombus formation on indwelling intravascular 
catheters is associated with CR-BSI. 

In a meta-analysis, prophylactic heparin (3 U/ml in parenteral nutrition, 
5000 U q 6 or 12 hours flush, or 2500 U low molecular weight heparin 
subcutaneously or heparin-bonded catheters) was shown to reduce catheter- 
related thrombosis (RR=0.4 [95%CI: 0.2-0.8], catheter colonization (RR=0.6 
[95%CI: 0.06-0.6]), and although insignificantly, CR-BSI (RR=0.26 [95% 
Cl: 0.07-1.03]) (18) Subcutaneous, low-molecular-weight heparins appeared 
to be as effective as non-fractioned heparins. However, the studies included 
in this meta-analysis are old and the results of a more recent report (19) 
could be discussed (more internal jugular catheters in the control group and 
an analysis performed on 33/55 included patients). Since most heparin 
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solutions contain preservatives with antimicrobial activity, it is unclear if any 
decrease in the rate of CR-BSI would be due to the reduced thrombus 
formation, the preservative, or both. 

However, more recently, a randomized double blind study in critically ill 
children showed that heparin-bonded catheters reduced thrombosis (0 vs 8%, 
p=0.006) and the frequency of positive blood cultures (drawn through the 
catheter) (4 vs 33%, p<0.0005) (20). These encouraging results need to be 
confirmed in adult ICU patients. 

CATHETER CARE 

Catheter Replacement 

Although not accessible to preventive measures, repeated catheterization 
increases the risk of catheter infection. This finding argues, together with 
randomized study, to avoid any routine replacement of CVCs (21) for 
catheters that are functioning and have no evidence of local or systemic 
complications. Physicians and nurses should assess patients’ need for 
intravascular catheters on a daily basis. 

Catheter Dressing and Tubing 

Semi-permeable transparent dressings are widely used and allow 
continuous observation of the skin insertion site and reduce the risk of 
extrinsic colonization. However, the first generation transparent dressings 
promoted moisture and bacterial proliferation and have been associated with 
a higher rate of infection when compared with traditional gauze dressings 
(22). However, Maki et al, using highly semi-permeable transparent 
dressings did not find any differences with gauze dressings (23). The choice 
of catheter dressings might be a matter of preference. Gauze dressing is 
usually preferred if blood is oozing from the catheter insertion site. Catheter 
dressings should be changed immediately if the dressing becomes damp, 
loosened or soiled. The optimal frequency of routine changes of CVC 
dressing is not known but it should be at least every 48-72 hours. 

Antibiotic and iodophor ointments are not useful and could increase the 
risk of infection by Candida sp. (2,3,24). 

In a randomized trial in adult ICU patients, the chlorhexidine- 
impregnated sponge dressing resulted in a 60% reduction in CR-BSIs 
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compared to standard non-medicated polyurethane dressings (25). In another 
study, neonates randomized to the antimicrobial dressing group were less 
likely to have colonized CVC tips than control neonates (15.0% vs 24.0%, 
relative risk [RR]: 0.6 95% confidence interval [Cl]: 0.5-0.9), but rates of 
CR-BSI (3.8% vs 3.2%, RR: 1.2, Cl: 0.5-2.7) and BSI without an identified 
source (15.2% vs 14.3%, RR: 1.1, Cl: 0.8-1.5) were unchanged. Moreover, 
localized contact dermatitis from the antimicrobial dressing, requiring 
crossover into the control group, occurred in 15 (15.3%) of 98 exposed 
neonates weighing less than or equal to 1000 g. Differences in catheter tip 
colonization rates were more obvious in catheters in situ for less than 14 days 
(26). It is recommended that tubings be replaced at least every 72 hours. 
However, tubing changes delayed to every 4 days (instead of 2 days) did not 
increase the rate of CR-BSI.4 Nevertheless, tubings used to administer blood, 
blood products or lipid emulsions (including propofol infusions) should be 
replaced within 24 hours. 

A 4-fold reduction in the rate of CR-BSI was reported in a cohort study 
with the use of a new antiseptic hub model (containing an antiseptic chamber 
filled with 3% iodinated alcohol) in a surgical unit (27). On the other hand, a 
recent clinical trial failed to show any benefit from the use of this hub in 
preventing CR-BSI.28 The potential interest of this new hub model is 
probably more important for long-term CVCs outside the ICU. 

Overall, any excessive manipulation of CVCs independently increases the 
risk for CR-BSI and must be avoided (24). The effect of a hands-off system 
on manipulation have been tested for pulmonary artery catheters. The use of 
this system decreased dramatically the rate ofPAC-BSI (29). 

Collagen-Silver Impregnated Cuffs 

A silver impregnated collagen cuff attached to CVCs and left below the 
skin insertion site significantly decreased the risk of extraluminal 
colonization associated with short-term catheters (mean duration of 
placement <10 days). The ionic silver has broad spectrum activity against 
bacteria and fungi, and the cuff provides a mechanical barrier to the 
migration of microorganisms along the external surface of the catheter. The 
collagen is biodegradable in nature and the silver ions chelated to the cuff are 
released completely within 3 to 7 days (30-33). 

Extrusion of the collagen cuff after insertion is frequent when inserted by 
an inexperienced physician. In two randomized clinical trials conducted in 
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surgical patients assigned to receive a CVC with or without a silver cuff, the 
incidence of CR-BSI was significantly greater in the control versus the 
cuffed catheter group (30,31). On the other hand, no difference in the rates of 
catheter colonization or incidence of CR-BSI was observed between patients 
who received and those who did not receive a silver cuffed CVC (32). 



Antimicrobial-Coated or -Impregnated Catheters 

The efficacy of catheters impregnated with chlorhexidine and silver- 
sulfadiazine on the external surface has been tested in many randomized 
studies. In experimental studies, a steep exponential decrease in 
antimicrobial activity was observed during the first week of insertion for 
devices treated with chlorhexidine-silver-sulfadiazine. A well-conducted 
meta-analysis concluded that this technique reduces the risk of CR-BSI 
(RR=0.4, 95%CI: 0.2-0. 8) for short-term central venous catheterisation (34). 
A more recent meta-analysis showed that the risk of BSI decreased only in 
trials with the shorter average insertion time (median 6 days: 5.2 to 7.5; from 
4.1 to 1.9%; OR: 0.48 95% Cl: 0.25-0.91) as compared to others with a 
longer duration (median 12 days: 7.8 to 20 days; from 4.5% to 4.2%; OR: 
0.94 95% Cl; 0.58-1.54) (35). This technique is cost-saving in settings where 
the incidence of CR-BSI of short-term CVCs is high (more than 3.3 episodes 
per 1000 catheter-days) and when the average insertion time is less than 8 
days. New chlorhexidine-sulfadiazine-impregnated catheters are now 
developed with an impregnation at both the internal and external surfaces. 
Results presented during the 41st and the 42nd ICAAC meetings suggested 
that these catheters are effective even when the average insertion time is 12 
to 15 days. 

Resistance to chlorhexidine-sulfadiazine has not been demonstrated in 
clinical studies. However, resistance to chlorhexidine has been induced in in 
vitro studies (36). Rare cases of anaphylactic reaction to the chlorhexidine 
component of this catheter has been reported (24). Consequently, the use of 
chlorhexidine-silver-sulfadiazine impregnated on the external surface 
catheters should be used when catheter is expected to last less than 8 days 
and when the rate of infection is high, despite adherence to other strategies 
such as maximal barrier precautions and implementation of an educational 
program. As acceptable incidences are, at least in France, between 1 and 3 
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CR-BSI per 1000 catheter-days, (3) the use of such impregnated catheters are 
not the standard. 

Catheters impregnated intraluminally and extraluminally with 
minocycline-rifampin reduced the risk or CR-BSI as compared to 
polyurethane catheters and to externally coated chlorhexidine-silver- 
sulfadiazine-impregnated catheters (0.3% vs 3.4%, p<0.002) (37,38). The 
superiority of antimicrobial-impregnated catheters was probably due to the 
absence of intraluminal impregnation with chlorhexidine-sulfadiazine. The 
impact of antimicrobial-impregnated CVCs on resistance on skin flora is not 
sufficiently known to recommend its use. 

How to Implement Your Own ICU Prevention Strategy? 

Three general preventive measures are assumed when implementing 
practical recommendations for catheter insertion and surveillance: prevention 
and control of multiresistant bacteria spread, hand hygiene and surveillance 
of nosocomial infections. These seemingly trivial and general measures are 
essential and are extensively detailed elsewhere. If unobserved, any attempts 
in implementing catheter-specific prevention strategy will be futile (39). 

Healthcare workers should first focus on the several established methods 
primarily directed at preventing extraluminal contamination of the catheter, 
which predominates for short-term catheters. Compliance with these 
measures should allow satisfactory control of the rate of CR-BSI in ICU 
patients. Strong educational efforts to obtain the compliance of each care 
provider to protocols must be regularly discussed and updated, and 
continuous surveillance of CVC infection rates and feedback should be 
instituted (Table). 

As understaffing has been repeatedly 1 identified as a risk factor for CR- 
BSI (40,41) the organisational aspect of the ICU should be considered. 

If the impact of such measures remain unsatisfactory, more specific 
techniques (such as the use of chlorhexidine-silver-sulfadiazine-coated 
catheters) might be considered. 

CONCLUSIONS 

CR-BSI remains a leading cause of nosocomial infections, particularly in 
ICUs, and is the most frequent cause of hospital-acquired bacteremia. 
Although CR-BSI have milder consequences than other bacteremic 
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infections, it is a typical device-associated iatrogenic infection and therefore 
mostly accessible to prevention, if rigorous policies are adopted. It should be 
one of the main targets of quality improvement programs. 
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Introduction 

Central venous catheters are essential in medical practice, particularly in 
intensive care units (ICUs). While such catheters provide necessary vascular 
access, the use of these catheters puts patients at risk for a variety of 
complications, including local site infection, catheter-related bloodstream 
infection (CR-BSI), septic thrombophlebitis, endocarditis, and metastatic 
infection (e.g., lung abscess, brain abscess, osteomyelitis, endophthalmitis). 
As healthcare-acquired infection rates become more frequently included as 
benchmarks for assessing the quality of patient care, implementation of 
proven prevention strategies takes on an added importance. 

Data from the Surveillance and Control of Pathogens of Epidemiologic 
Importance (SCOPE) show that 70 percent of healthcare-acquired 
bloodstream infections occur in patients with central venous catheters (1). 
Associated with each infection is an average cost of between $34,508- 
$56,000 and an addition of 7 days to the hospitalization (2-4). Reducing the 




160 



Catheter-Related Infections in the Critically III 



risk of catheter-related infection should he part of a comprehensive infection 
control program to reduce the incidence of health-care acquired infection and 
antimicrobial resistance in the ICU. 

In the ICU setting the incidence of infection is often higher than in the 
less acute in-patient or in ambulatory settings. Central venous catheters are 
estimated to be present in 50% of all ICU patients. Rates of catheter- 
associated bloodstream infections range from 2.9 (cardiothoracic ICU) to 
11.3 (high-risk nursery, <1000 grams) per 1000 central catheter days (5), 
with the incidence varying considerably with the type of catheter, frequency 
of catheter manipulation, and patient-related factors such as underlying 
disease and acuity of illness. In addition to patients being sicker in the ICU 
setting, central venous access may be needed for extended periods of time, 
patients are often colonized with healthcare-acquired organisms, and 
catheters may be manipulated multiple times per day for the administration 
of fluids, drugs, and blood products. Moreover, some catheters may be 
inserted in urgent situations during which optimal attention to aseptic 
technique may not be feasible, augmenting the potential for contamination 
and subsequent clinical infection. Thus the ICU provides a ripe setting for 
catheter-related infections. 

EPIDEMIOLOGY AND MICROBIOLOGY 

The most common organisms causing nosocomial healthcare-acquired 
BSIs have been changing over the last 15 years. Between 1986 and 1989, 
coagulase-negative staphylococci followed by S. aureus were the most 
frequently reported causes of BSIs. Pooled data from 1992- 1999 indicate 
that coagulase-negative staphylococci followed by enterococci are now the 
most frequently isolated causes of nosocomial BSIs. Coagulase-negative 
staphylococci now accounts for 37 % while S. aureus now accounts for only 
12.6% of reported nosocomial BSIs (6). Also notable was the susceptibility 
pattern of the S. aureus isolates. In 1999, for the first time since NNIS has 
been reporting susceptibilities, more than 50% of all S. aureus nosocomial 
ICU isolates in the United States were oxacillin resistant (6). 

Enterococci, the second most commonly reported bloodstream pathogen 
in the NNIS database from 1992-1999 accounted for 13.5% of BSIs, an 
increase from 8% reported to NNIS from 1986 through 1989. There has also 
been a dramatic rise in enterococcal ICU isolates resistant to vancomycin, 
escalating from 0.5% in 1989 to 25.9% in 1999 (6). 
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The frequency of fungal pathogens causing BSI have been stable over the 
last 15 years, with Candida making up 8% of nosocomial BSIs over this 
period of time. However, resistance of Candida species to commonly used 
antifungal agents has become a clinically important issue. C. albicans 
bloodstream isolates from hospitalized patients are becoming resistant to 
fluconazole as determined by in vitro susceptibility testing. Additionally, 
almost 50% of Candida BSIs are caused by non-albicans species including C. 
glabrata and C. krusei, which are more likely than C. albicans to 
demonstrate resistance to fluconazole and itraconazole. 

Gram negative bacilli accounted for 19% of BSIs between 1986 and 1989 
(7), compared to 14% of BSIs between 1992-1999 (6). An increasing 
fraction of ICU related isolates are caused by enterobacteriaceae -producing 
extended-spectrum b-lactamases (ESBLs), particularly K. pneumoniae . Such 
organisms are resistant to many commonly used cephalosporins. 

PATHOGENESIS 

Migration of skin organisms at the insertion site into the cutaneous 
catheter tract with colonization of the catheter tip is the most common route 
of infection for peripherally inserted, short-term catheters (8,9). 
Contamination of the catheter hub is an important contributor to intraluminal 
colonization of long-term catheters (10), Occasionally, catheters may 
become hematogenously seeded from another focus of infection. Rarely, 
infusate contamination leads to CR-BSI. 

Important pathogenic determinants of catheter-related infection are (1) 
the material of which the device is made and (2) the intrinsic properties of 
the infecting organism. Some catheter materials also have irregularities on 
the catheter surface that enhance the microbial adherence of certain species 
(e.g., coagulase-negative staphylococci, Acinetobacter calcoaceticus, and 
Pseudomonas aeruginosa) (11-13). Catheters made of certain materials may 
be especially vulnerable to microbial colonization and subsequent infection. 
Additionally, some catheter materials are more thrombogenic than others, a 
characteristic that also may predispose to catheter colonization and catheter- 
related infection (13,14). This association has led to emphasis on preventing 
catheter-related thrombus as a mechanism for reducing CR-BSI, although 
there is little clinical data that supports this practice. 
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NOVEL STRATEGIES EOR PREVENTION OE CATHETER- 
RELATED INFECTIONS 

Continuing Education and Quality Assurance 

Although not particularly novel, the role of continuing education cannot 
be overemphasized in preventing catheter-related infections. As institutions 
begin to use infection rates for benchmarking quality of care and patient 
safety, applying simple concepts of infection control strategies takes on 
added significance. As knowledge, technology and health care settings 
change, infection control and prevention measures must change. This implies 
the need for well-organized programs that provide, monitor and evaluate 
care, and to provide education to all caregivers. Data collected over the last 
15 years have consistently found that risk of infection declines following 
standardization of aseptic care and that insertion and maintenance of 
intravascular catheters by educated and trained staff may decrease the risk of 
catheter colonization and CR-BSI (15-18). Additionally, specialized “IV 
teams” have shown unequivocal effectiveness in reducing the incidence of 
catheter-related infections and associated complications and costs (19-21). 
Health care workers should be educated regarding indications for 
intravascular catheter use, proper procedures for the insertion and 
maintenance of intravascular catheters and appropriate infection control 
measures to prevent intravascular catheter-related infections.. 

Bedside Ultrasound 

The availability of bedside ultrasound may play a role in the site selection 
for central venous catheter placement, thus avoiding unnecessary attempts at 
sites not suitable for catheter placement, and likewise avoiding fewer 
attempts at sites that are suitable. Although there are no studies that have 
evaluated whether or not the use of bedside ultrasound reduces infection, it is 
logical that fewer breaks in the skin surrounding the catheter site could only 
be beneficial. Certainly, bedside ultrasound does reduce mechanical 
complications. In a meta-analysis of 8 studies, the use of bedside ultrasound 
for the placement of CVCs significantly reduced mechanical complications 
compared to the standard landmark placement technique (22). Consideration 
of comfort, security, and maintenance of asepsis as well as patient-specific 
factors (e.g., preexisting catheters, anatomic deformity, bleeding diathesis). 
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relative risk of mechanical complications (e.g., bleeding, pneumothorax), and 
the availability ofbedside ultrasound should guide site selection. 

Skin Antisepsis 

In the United States, iodine- based disinfectants, particularly povidone 
iodine, has been the most widely used antiseptic for cleansing central 
catheter insertion sites. However, preparation of central venous and arterial 
sites with a 2% aqueous chlorhexidine gluconate has been shown to lower 
BSI rates compared to site preparation with 10% povidone-iodine or 70% 
alcohol (23). Chlorehexidine exhibits broad-spectrum antimicrobial activity 
on the skin surface after a single application, in contrast to iodine -based 
preparations. Commericially available products containing chlorhexidine 
have not been available in the United States until recently, when a 2% 
tincture of chlorhexidine preparation for skin antisepsis was approved by the 
FDA. Other preparations of chlorhexidine may not be as effective. Tincture 
of chlorhexidine gluconate 0.5% has not been shown to be more effective 
than 10% povidone iodine in adults. A prospective randomized study 
comparing 0.5% tincture of chlorhexidine gluconate to povidone iodine 
showed no difference in preventing CR-BSI or CVC colonization in adults 
(24). A 1% tincture of chlorhexidine preparation is available in Canada and 
Australia, but not yet in the United States. There are no published trials 
comparing a 1% chlorhexidine preparation to povidone-iodine. Based on the 
available data, a 2% chlorhexidine preparation should be used in patients to 
disinfect insertion sites, unless there is a contraindication to its use. 

Antimicrobial/Antiseptic Impregnated Catheters 

Certain antimicrobial or antisceptic impregnated or coated catheters have 
been shown to decrease the risk of catheter-related bloodstream infection in 
selected patient populations by up to 50%. Although these impregnated 
catheters cost more than the standard catheters, the potential decrease in 
hospital costs associated with treating CR-BSIs is not insignificant (25). 
Catheters coated with chlorhexidine/silver sulfadiazine only on the external 
luminal surface have been studied as a means to reduce CR-BSI. Two meta- 
analyses (26,27) demonstrated that the use of catheters coated on the 
external surface with chlorhexidine/silver sulfadiazine reduced the risk for 
CR-BI compared to standard non-coated catheters. The mean duration of 
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catheter placement in one meta-analysis ranged between 5.1 and 11.2 days 
(28). The half-life of antimicrobial activity against S. epidermidis is 3 days 
in vitro for catheters coated with chlorhexidine/silver sulfadiazine, and the 
antimicrobial activity decreases over time (29). The benefit for the patients 
who receive these catheters will be realized within the first 14 days (28). 
This catheter is no no longer being marketed. Instead, a new second- 
generation catheter is now available with chlorhexidine coating both the 
internal and external luminal surfaces. The external surface has three times 
the amount of chlorhexidine and extended release of the surface bound 
antiseptics than that in the first generation catheters. Early studies indicate 
that prolonged anti-infective activity provides improved efficacy in 
preventing infections (30). Although rare, anaphylaxis has been reported 
with the use of these chlorhexidine/silver sulfadiazine catheters in Japan 
(31). As is the case with the use of any prophylactic antimicrobial drug, the 
risk of selecting organisms resistant to chlorhexidine/silver sulfadiazine is a 
concern; however this has not yet been demonstrated. 

Chlorhexidine/silver sulfadiazine catheters are more expensive than 
standard catheters. However, one analysis has suggested that the use of 
chlorhexidine/silver sulfadiazine catheters should lead to a cost savings of 
$68 to $391 per catheter (32) in settings in which the risk of CR-BSI is high 
despite the adherence to other preventive strategies such as maximal barrier 
precautions and aseptic technique. These catheters may be cost effective 
when used in settings such as the intensive care unit. In a multicenter 
randomized trial, central venous catheters impregnated on the internal and 
external surfaces with minocycline/rifampin were associated with lower rates 
of CR-BSI when compared with the first generation chlorhexidine- silver 
sulfadiazine impregnated catheters (33). The beneficial effect began after 
day 6 of catheterization. None of the catheters were evaluated beyond 30 
days. No minocycline/rifampin-resistant organisms were reported. However, 
based on in vitro data, there is concern that these impregnated catheters could 
increase the incidence of minocycline and rifampin resistance among 
important pathogens, especially staphylococci. The half-life of antimicrobial 
activity against S. epidermidis is 25 days with catheters coated with 
minocycline/rifampin, compared to 3 days for the first-generation catheters 
coated with chlorhexidine/silver sulfadiazine in vitro (29). In vivo, the 
duration of antimicrobial activity of the minocycline/rifampin catheter is 
longer than that of the first-generation chlorhexidine/silver sulfadiazine 
catheter (33). To date, no studies have been published using comparing the 
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minocyline/rifampin catheter to the second-generation chlorhexidine/silver 
sulfadiazine catheter. 

The decision to use chlorhexidine/silver sulfadiazine or 
minocycline/rifampin impregnated catheters should he based on the need to 
enhance prevention of CR-BSI after standard procedures (e.g. educating 
personnel, using full harrier precauntions and 2% chlorhexidine skin 
antisepsis) balanced against the concern for emergence of resistant pathogens 
and the cost of implementing this strategy. 

Antiseptic/Antibiotic Ointments 

Povidone-iodine ointment applied at the insertion site of hemodialysis 
catheters has been studied as a prophylactic intervention to reduce the 
incidence of catheter-related infections. One randomized study of 
hemodialysis catheters showed a reduction in the incidence of exit site 
infections, catheter-tip colonization and BSIs with the routine use of 
povidone-iodine ointment at the catheter insertion site compared to no 
ointment at the insertion site (34). 

Several studies have evaluated the effectiveness of mupirocin ointment 
applied at the insertion sites of CVCs as a means to prevent CR-BSI (35-37). 
Although mupirocin reduced the risk for CR-BSI, mupirocin ointment has 
also been associated with mupirocin resistance (38, 39), and may adversely 
affect the integrity of polyurethane catheters (40, 41). Other antibiotic 
ointments applied to the catheter insertion site have also been studied and 
have yielded conflicting results (42-44). In addition, rates of catheter 
colonization with Candida species may be increased with the use of 
antibiotic ointments that have no fungicidal activity (42,44). 

Nasal carriers of S. aureus have a higher risk for acquiring CR-BSI than 
do noncarriers (34,45). Mupirocin ointment has been used intranasally to 
decrease nasal carriage of S. aureus and lessen the risk for CR-BSI. 
However, resistance to mupirocin develops in both S. aureus and coagulase- 
negative staphylococci soon after routine use of mupirocin is instituted 
(38,39). The ecological impact of routine use of topical antimicrobial agents 
is not recommended because of the high likelihood of promoting 
antimicrobial resistance. 
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Antibiotic lock prophylaxis 

The antibiotic lock technique is a novel method of using antibiotics as a 
local prophylaxis. Antibiotic lock prophylaxis has been attempted by filling 
the lumen of the catheter with an antibiotic solution and leaving the solution 
to dwell in the lumen of the catheter in order to prevent CR-BSI. Three 
studies have shown this to be useful in neutropenic patients with long-term 
catheters (46-48). In two of the studies, patients received heparin alone (10 
U/ ml) or heparin plus 25 micrograms/ml of vancomycin. The third study 
compared vancomycin/ciprofloxacin/heparin to vancomycin/heparin to 
heparin alone. The rate of CR-BSI with vancomycin-susceptible organisms 
was significantly lower and the time to the first episode of bacteremia with 
vancomycin-susceptible organisms was significantly longer in patients 
receiving either vancomycin/ciprofloxacin/heparin or vancomycin/heparin 
compared to heparin alone. 

Because most of these lock techniques have employed vancomycin as one 
component of the lock solution, there is concern over the potential effect of 
widespread use of prophylactic lock solutions on antimicrobial resistance. 
Therefore, these solutions are not routinely recommended. There use, 
howver, may be considered acceptable in selected patients who require long- 
term vascular access and who continue to experience infection despite 
adherence to standard infection control practices. 

Catheter Site Dressing Regimens 

Transparent semipermeable polyurethane dressings have become a 
popular means of dressing catheter insertion sites. Transparent dressings 
reliably secure the device, permit continuous visual inspection of the catheter 
site, permit patients to bathe and shower without saturating the dressing, and 
require less frequent changes than do standard gauze and tape dressings, thus 
saving personnel time. A meta-analysis of the largest and most rigorously 
controlled randomized trials has assessed these studies that compared the risk 
of catheter-related BSIs for groups using transparent dressings versus groups 
using gauze dressing (49). The risk for CR-BSIs did not differ between the 
groups. Therefore, the choice of dressing may be a matter of personal 
preference. If blood is oozing from the catheter insertion site, gauze dressing 
may be preferred. 
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An antiseptic dressing may be a better choice to reduce infection than the 
standard dressings. A chlorhexidine-impregnated sponge dressing (Biopatch) 
placed over the site of short-term arterial and CVCs reduced the risk of 
catheter colonization and CR-BSI in a multi-center study (50). There were no 
adverse systemic effects from using this device. Routine use of 
chlorhexidine-impregnated sponges may reduce the risk of CR-BSI in adult 
patients with short-term catheters, particularly with uncuffed CVCs, PICCs, 
and arterial catheters. However, chlorhexidine sponge dressings in neonates 
less than 7 days old or of gestational age less than 26 weeks have caused 
local reactions, precluding its use in this patient population (51). 

Replacement of Catheters 

The duration of catheterization has been linked to the risk of CR-BSI, 
particularly after 7 days. What has not been conclusively established is 
whether or not routine replacement of temporary CVCs at periodic intervals 
reduces the risk of CR-BSI. Although no studies have shown an advantage 
for routine catheter replacement at scheduled time intervals as a method to 
reduce CR-BSI, none have been sufficiently powered to demonstrate a 
difference. Two trials assessed changing the catheter every 7 days in 
comparison to changing catheters as needed (52,53). One study involved 
112 surgical ICU patients needing central venous catheters, pulmonary artery 
catheters, or peripheral arterial catheters (52), while the other study involved 
only subclavian hemodialysis catheters (53). In both studies, there was no 
difference in CR-BSI in patients undergoing scheduled catheter replacement 
every 7 days compared to catheter replacement as needed. In the absence of 
data confirming a benefit, this practice is discouraged because of the 
potential mechanical complications associated with placing new catheters. 

Scheduled guidewire exchanges of central catheters is another strategy 
that has been proposed to prevent CR-BSI. The results of a meta-analysis of 
12 randomized controlled trials assessing central venous catheter 
management failed to prove any benefit for the reduction of CR-BSI by 
routine replacement of catheters by guidewire exchange compared to catheter 
replacement on an as-needed basis (54). Routine replacement of central 
venous catheters is not indicated for catheters that are functioning and have 
no evidence of local or systemic complications. 

Catheter replacement over a guidewire has become an accepted technique 
for replacing a malfunctioning catheter or exchanging a pulmonary artery 
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catheter for a central venous catheter when invasive monitoring no longer is 
needed. Catheter insertion over a guidewire is associated with less 
discomfort and a significantly lower rate of mechanical complications than 
are those percutaneously inserted at a new site (55) and provide an important 
means of preserving limited venous access in some difficult patients. 
However, maintaining asceptic technique during a guidewire exchange is 
difficult. Gloves and drapes are easily contaminated from manipulation of 
the old catheter. 

Many studies have examined this practice on the risk of infection with 
conflicting results. The best study, however, showed an increased risk of CR- 
BSI with catheters replaced over a guidewire compared to catheters replaced 
at a new site as a routine replacement strategy. Replacement of temporary 
catheters over a guidewire in the setting of bacteremia is not an acceptable 
replacement strategy, since the source of infection is usually colonization of 
the skin tract from the insertion site to the vein (9,55). 

CONCLUSIONS 

CR-BSIs are not simply an acceptable consequence of central venous 
access and invasive monitoring. The false perception of invisible risk, the 
underestimation of individual responsibility, passive attitudes regarding the 
complexity of the process of care, and the financial constraints that 
contribute to understaffing play an important role in the failure to implement 
prevention strategies. Many CR-BSIs are preventable infections that need to 
be approached systematically at a multidisciplinary level that emphasizes 
patient safety and quality improvement. Taking advantage of new technology 
such as chlorehexidine for skin antisepsis, and antiseptic or antibiotic 
impregnated catheters, chlorehexidine impregnated dressings, may be a 
useful means of reducing catheter-related infections. What is not known is 
whether each technology contributes additively, synergistically, or not at all. 
In other words, does one need all of these strategies, or will one of them 
suffice? In the absence of data, it seems logical to utilize these strategies in a 
systematic way that incorporates performance measures to evaluate the 
impact that each intervention has in a given ICU setting. 
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11 

Antimicrobial catheter coating, 153-154, 
163-165 

Antimicrobial therapy, 117-122 

antibiotic lock therapy, 107, 117-118, 166 
systemic, 118-119 
Antisepsis 

cutaneous, 16-19 
skin, 163 

Antiseptic catheter coating, 153-154, 163-165 
antibiotic catheter coating, rates of infection, 
compared, 12 
rates of infection with, 12 
Antiseptic/antibiotic ointments, 165 
Antiseptic-impregnated catheters, rates of 
infection caused by, 5 
Antithrombotic prophylaxis, in prevention 
strategy, 150-151 

AOLC test. See Acridine-orange leukocyte 
cytospin test 

APACHE III score, high, risk of infection with, 
11 

Arterial catheters 

for hemodynamic monitoring, rates of 
infection caused by, 6 
risk factors for catheter-related infection 
with, 13 

Arterial puncture, educational presentation, 131 



Asinetobacter species, 101 

Bacillus species, 32, 36, 101, 104 
Bacteremia 

as indication for removal ofnon-tunneled 
central venous catheter, 1 16 
in intensive care units, catheter-related, case 
control studies, 83 

Bacterial adherence, mechanisms of, 33-34 
Barriers, 14, 148 

garments, educational presentation, 131 
sterile, maximal, risk of infection with, 1 1 
Bedside ultrasound, as infection preventive 
strategy, 162-163 

Birth weight, low, risk of infection with, 1 1 
Blood cultures, quantitative, 67 
Blood sampling 

educational information on, 132 
rates of infection with, 12 
Bloodstream infection. See specific infection, 
organism 

Candida albicans, 105, 115, 116, 119, 122, 161 
Candida glabarata, 105, 161 
Candida krusei, 105, 161 
Candida parapsilosis, 101, 105 
Candida species, 36, 101, 105, 106, 108, 116, 
117, 119, 122, 123, 151 
antimicrobial therapy, 105-106 
Candida tropicalis, 105 

Cardiac output, educational information on, 132 
Catheter characteristics, rates of infection 
according to, 12 

Catheter colonization, defined, 3 
Catheter exchange over guidewire, 15-16 
Catheter hub, culture of, 65-66 
Catheter removal, 114-115 
Catheter salvage strategies, 106-107 
antibiotic lock therapy, 107 
Catheter staining, in diagnosis of catheter 
infection, 46 

Catheter types, rates of infection caused, 5 
Catheter-related infection in critically ill 
diagnosis, 41-58, 59-76 
education for prevention, 127-138, 139-145. 

See also Prevention 
epidemiology of, 1-22, 23-40 
impact of, 77-86 
management, 99-112, 113-126 
pathogenesis, 23^0 
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prevention, 10-16, 127-138, 139-145, 
147-158, 159-172, 167-168 
treatment, 99-112, 113-126 
Catheter-tip culture techniques in diagnosis, 61 
qualitative broth culture, 61 
semi-quantitative catheter-tip culture, 62 
Cefotaxime, 122 
Ceftazidime, 122 

Central, peripheral quantitative blood cultures, 
paired, 67-69 

Central blood culture methods 
quantitative, 67 

Central vein infection, defined, 4 
Central venous catheter, infection, 1 14 

exchanged over guidewire, with significant 
colonization, 116 
rates of, 5 

Chlorhexidine vs. povidone iodine, risk of 
infection, compared, 1 1 
Chlorhexidine-impregnated dressing, risk of 
infection, 12 
Ciprofloxacin, 122 

Coagulase-negative staphylococcus, 101-104, 
123 

antimicrobial therapy, 102, 122 
Coexistence of other intravascular devices, risk 
of infection with, 11 

Collagen-silver impregnated cuffs, 152-153 
Colonization, infection, distinguished, 100 
Complicated infection, management of, 

107-108 

endocarditis, 108 
septic thrombophlebitis, 108 
Contamination-resistant hub, rates of infection 
with, 12 

Continuing education. See Education 
Corynebacterium jeikeium, 104 
Corynebacterium species, 32 
Cost effectiveness, of education, for 
prevention, 134 

Costs, of catheter-related infection, 91, 81084 
Critically ill, catheter-related infection in 
education for prevention, 127-138, 139-145. 

See also Prevention 
prevention, 10-16, 127-138, 139-145, 
147-158, 159-172, 167-168 
Cuffed catheters, rates of infection caused by, 5 
Cuffed central venous catheters, rates of 
infection caused by, 5 
Cutaneous antiseptics, 11, 16-19 
Cutdowns, rates of infection caused by, 5 

Dalfopristin, 121, 122 
Defatting insertion site, risk of infection, 1 1 
Diagnosis of catheter-related infections, 41-58, 
59-76 

Difficult insertion, risk ofinfection with, 1 1 
Direct examination, rapid diagnosis of infection 
by, 70-71 



acridine-orange leukocyte cytospin test, 
70-71 

gram staining ofblood drawn from catheter, 
71 

Dressings, 151-152 

educational information on, 132 
regimens, at catheter site, in infection 
preventive strategy, 166-167 
site, 18 

transparent, use of, 132 
types, risks ofinfection, compared, 12 
Dry gauze, use of, 132 
Education, in catheter-related infection 
prevention, 127-138, 139-145, 162 
cost effectiveness, 134 
educational programs, 128-129 
general measures, 128 
Geneva experience, 129-130 
guidelines, 128 
impact of, 36, 135 
North Carolina experience, 129 
St. Louis experience, 134 
training, 128-129 

Endocarditis, 108 

Endoluminal brush, in infection diagnosis, 
51-52 

Endoluminal contamination, routes of, 29-3 1 . 

See also specific route 
Enterobacter agglomerans, 105 
Enterobacteriaceae, extraluminal 
contamination, 28 
Enterococcus species, 28 
Entry site, culture of, 65-66 
Epidemiology, catheter-related infection, 1-22, 
160-161 

catheter exchange over guidewire, 15-16 

cutaneous antisepsis, 16-19 

dressings, site, 18 

experience of inserter, 13 

heavy colonization, insertion site, 16-19 

intravenous therapy teams, 13-14 

microbiology, 6-10 

pathogenesis, 6 

prevention, 10-16 

prolonged catheter placement, 18-19 
risk factors, 10-16 
site of insertion, 14—15 
sterile barrier precautions, 14 
training of inserter, 13 

Erythema, in skin site sepsis, as indication for 
removal of non-tunneled central venous 
catheter, 116 

Escherichia coli, 36, 104, 122 
Exit-site infection. See also specific infection, 
organism 
overview, 3 

Extended hospitalization, risk ofinfection with, 
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Extraluminal contamination, routes of, 27-28. 

See also specific route 
Exudate, purulent, in skin site sepsis, as 

indication for removal of non-tunneled 
central venous catheter, 116 

Femoral vein insertion, risk of infection, 11 

Filamentous fungi, 106 

Flucloxacillin, 122 

Fluconazole, 122 

Fungi, antimicrobial therapy, 122 

Fusarium species, 101, 106 

Gastrointestinal disease, risk of infection with, 
11 

Gauze dressing 
dry, use of, 132 

vs. transparent dressing, risk of infection 
with, compared, 12 
Gender, risk of infection with, 1 1 
Gram staining of blood drawn from catheter, 71 
Gram-negative bacilli, antimicrobial therapy, 
122 

Gram-positive cocci, antimicrobial therapy, 122 
Guidewire 

catheter exchange, 15-16 
diagnosis of infection, 72 
central venous catheter exchanged over, with 
significant colonization, 116 
insertion in old site over, risk of infection 
with, 11 

Hand disinfection, educational information on, 
132 

Hand hygiene procedures, educational 
presentation, 131 
Hansenula anomala, 101 
Heavy colonization, insertion site, 16-19 
Hemodialysis catheters, rates of infection 
caused by, 5 

Hemodynamic monitoring, arterial catheters, 
rates of infection caused by, 6 
Heparin-bonded catheters, rates of infection 
caused by, 5 

Heparinization, rates of infection with, 12 
High APACHE III score, risk of infection with, 
11 

House-staff, insertion of by, risk of infection 
with, 11 

Hubs 

number of, as risk factor, 35 
originated, routes of, 29-31. See also 
specific route 

Impact of catheter-related infection, 77-86, 
87-98. See also Costs; Morbidity; 
Mortality 

Implementation of ICU catheter infection 
prevention program, 154 



Infection, catheter-related, in critically ill 
diagnosis, 41-58, 59-76 
education for prevention, 127-138, 139-145. 
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impact of, 77-86 
management, 99-112, 113-126 
pathogenesis, 23-40 
prevention, 10-16, 127-138, 139-145, 
147-158, 159-172, 167-168 
treatment, 99-112, 113-126 
Infusate-related infection, 35-36 
defined, 3 
Inserter 

experience of, 13 
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Insertion of catheter, prevention of infection, 
131, 148-150 

cutaneous antisepsis, 148-149 
site, 149-150 

sterile barrier precautions, 148 
tunneling, 150 
Insertion site, 14—15 

features of, risk of infection with, 1 1 
infection diagnosis, 47 
in internal jugular, risk of infection with, 13 
Intensive care unit, prevention strategies in, II, 
83, 147-158, 159-172 
antibiotic lock therapy, 166 
antimicrobial/antiseptic-impregnated 
catheters, 163-165 

antiseptic/antibiotic ointments, 163 165 
catheter, 151-154 

antimicrobial-coated/impregnated 
catheters, 153-154 
collagen-silver impregnated cuffs, 

152-153 

cutaneous antisepsis, 148-149 
dressing, 151-152 
insertion, 148-150 
site, 149-150 
replacement, 151 
sterile barrier precautions, 148 
tubing, 151-152 
tunneling, 150 
continuing education, 162 
dressing regimens, at catheter site, 166-167 
epidemiology, 160-161 
implementation of, 154 
mechanisms of infection, 148 
microbiology, 160-161 
novel strategies, 162-168 
pathogenesis, 161 
prophylactic treatments, 150-151 
antithrombotic prophylaxis, 150-151 
quality assurance, 162 
replacement, catheter, 167-168 
ultrasound, bedside, 162-163 
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Intensive care unit nurses, central venous 

catheter insertion/maintenance, content of 
education program for, 133 
Internal jugular vein, insertion site in, risk of 
infection \vith, 11, 13 
Intravenous therapy teams, 13-14 

Jugular, internal, insertion site in, risk of 
infection with, 11, 13 
Klebsiella pneumoniae, 104, 161 
Klebsiella species, 122 

Length ofprolonged catheter placement, 18-19 
Linezolid, 122 

Local infections, diagnosis of, 60 
Lock therapy, antibiotic, 107, 117-118, 166 
in catheter-related infection prevention, 166 
Low birth weight, risk of infection with, 1 1 
Lumbar puncture, educational presentation, 131 

Malassezia furfur, 101, 106 
Management, 113-126 

antimicrobial therapy, 117-122 
antibiotic lock therapy, 117-118 
systemic antimicrobial therapy, 118-119 
catheter removal, 1 14-1 15 
central venous catheter infections, 114 
non-tunneled central venous catheter, 
115-116 

quinupristin-dalfopristin, 121 
tunneled central venous catheter, 116-117 
vancomycin-resistant staphylococci, 121 
Mechanical ventilation, risk of infection with, 

11 

Mechanisms of bacterial adherence, 33-34 
Metastatic infection, as indication for removal 
of non-tunneled central venous catheter, 
116 

Methicillin-resistant infection, antimicrobial 
therapy, 122 

Methicillin-sensitive infection, antimicrobial 
therapy, 122 

Microbiology of catheter-related infection, 
6-10, 160-161 

Microorganism types, interaction with catheter 
material, 31-34. See also specific 
microorganism 

Microorganism-directed therapy, 101-106 
aerobic gram-negative bacilli, 104-105 
antimicrobial therapy, 105 
aerobic gram-positive bacilli, 104 
Candida species, 105 

antimicrobial therapy, 105-106 
coagulase-negative staphylococcus, 101-104 
antimicrobial therapy, 102 
filamentous fungi, 106 
rapidly growing mycobacteria, 106 
Staphylococcus aureus, 102 
antimicrobial therapy, 103-104 



Morbidity, with catheter-related infection, 
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Mortality, from catheter-related infection, 
78-81,91,93 

Multi-lumen catheter, single-lumen catheter, 
rates of infection, compared, 12 
Mupirocin, risk of infection, 11 
Mycobacterium abscessus, 101, 106 
Mycobacterium chelonei, 101 
Mycobacterium fortuitum, 101 

National Nosocomial Infections Surveillance 
System, 42 

Neutropenia, risk of infection with, 1 1 
Noncuffed catheters 

nonmedicated central venous catheters, rates 
of infection caused by, 5 
pulmonary-artery catheters, risk factors for 
catheter-related infection with, 13 
rates of infection caused by, 5 
Non-tunneled central venous catheter, 115-116 
Novel strategies for prevention of 

catheter-related infection, 162-168 
Number of hubs, as risk factor, 35 
Nurses, intensive care unit, central venous 

catheter insertion/maintenance, content of 
education program for, 133 

Ointments, antiseptic/antibiotic, in 

catheter-related infection prevention, 165 

Paired peripheral non-quantitative blood 
cultures, central, 69-70 
Paired quantitative central blood culture 
methods, 68 

Parenteral nutrition, 35-36 

infusate-related infection and, 35-36 
rates of infection with, 12 
Pathogenesis, catheter-related infection, 6, 
59-60, 161 

Patient population, critically ill, catheter-related 
infection in 

diagnosis, 41-58, 59-76 

education for prevention, 127-138, 139-145. 
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impact of, 77-86 
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prevention, 10-16, 127-138, 139-145, 
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treatment, 99-112, 113-126 
Peripheral, central quantitative blood cultures, 
paired, 67-69 

Peripheral venous catheter insertion, 
educational presentation, 131 
Phlebitis, defined, 3 

Phlebotomy, educational presentation, 131 
Plastic catheters, rates of infection caused by, 5 
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Pocket infection, defined, 3 
Povidone iodine 
risk of infection, 11 
vs. chlorhexidine, risk of infection, 
compared, 11 

Povidone-iodine, for skin preparation, 131 
Prevention strategies in intensive care unit, 
147-158, 159-172 
antibiotic lock therapy, 166 
antimicrobial/antiseptic-impregnated 
catheters, 163-165 
antisepsis, skin, 163 
antiseptic/antibiotic ointments, 165 
antithrombotic prophylaxis, 150-151 
catheter, 151-154 

antimicrobial-coated/impregnated 
catheters, 153-154 
collagen-silver impregnated cuffs, 
152-153 

dressing, 151-152 
insertion, 148-150 
cutaneous antisepsis, 148-149 
site, 149-150 

sterile barrier precautions, 148 
replacement, 151 
tubing, 151-152 
tunneling, 150 
continuing education, 162 
dressing regimens, at catheter site, 166-167 
epidemiology, 160-161 
implementation of, 154 
mechanisms of infection, 148 
microbiology, 160-161 
novel strategies, 162-168 
pathogenesis, 161 
prophylactic treatments, 150-151 
quality assurance, 162 
replacement, catheter, 167-168 
ultrasound, bedside, 162-163 
Prolonged catheter placement, 18-19 
Prophylactic treatments, 150-151. See also 
under specific treatment 
antithrombotic prophylaxis, 150-151 
Pseudomonas aeruginosa, 78, 101, 106, 115, 
118, 119, 122, 161 
Pseudomonas species, 28, 104, 105 
Pulmonary-artery catheters, rates of infection 
caused by, 5 

Pulsed-field gel electrophoresis, of 
pathogenesis, 8 

Purulent exudate, in skin site sepsis, as 

indication for removal of non-tunneled 
central venous catheter, 116 

Quality assurance, for catheter-related infection 
prevention, 162 
Quantitative blood cultures, 67 
in infection diagnosis, 47 



Quantitative catheter-tip culture techniques in 
diagnosis, 63 

catheter culture techniques, compared, 64 
in pulmonary artery catheters, 64 
Quantitative skin cultures, in infection 
diagnosis, 48 

Quinupristin/dalfopristin, 121, 122 

Rapidly growing mycobacteria, 106 
Rates ofbloodstream infection, by type of 
device, 5. See also Routes of catheter 
contamination 

Registered ICU nurses, central venous catheter 
insertion/maintenance, content of 
education program for, 133 
Removal of catheter, diagnosis of infection 
without, 65-70 

Replacement of catheter, in infection 
preventive strategy, 167-168 
Rhodotorula species, 101 
Risk factors for catheter infections, 10-16, 
34-36 

Routes of catheter contamination, 27-31 

Semiquantitative cultures, in diagnosis of 
catheter infection, 43^4 
Septic thrombophlebitis, 108. See also specific 
infection, organism 
overview, 4 

Septicemia, as indication for removal of 

non-tunneled central venous catheter, 1 16 
Serological tests, in infection diagnosis, 53 
Silver-impregnated cuff, 5, 12 
Single-lumen catheter, multi-lumen catheter, 
rates of infection, compared, 12 
Skin exit-site culture method, 66 
Skin exit-site originated contamination routes, 
27-28. See also specific route 
Skin preparation, educational information on, 
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Sources of intravenous device-related 
bloodstream infection, overview, 6 
Spectmm of catheter-related infection:, 3 
Standard noncuffed, nonmedicated central 

venous catheters, rates of infection caused 
by, 5 

Staphylococcus hominis, 32 
Staphylococcus aureus, 7, 26, 28, 29, 32, 35, 
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Staphylococcus epidermidis, 32, 33, 35, 53, 
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Staphylococcus haemolyticus, 32, 119 
Staphylococcus hominis, 32 
Steel needles, rates of infection caused by, 5 
Stenotrophomonas maltophilia, 36, 101, 104, 
105 

Sterile barriers, 14 
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for insertion, educational presentation, 131 
maximal, risk of infection with, 1 1 

Student, insertion of by, risk of infection with, 
11 

Subclavian vein insertion, risk of infection, 11 

Subcutaneous central ports, rates of infection 
caused by, 5 

Surgical cutdown, insertion using, 13 

Surgical procedure, risk of infection with, 1 1 

Surgically-implanted long-term central venous 
devices 
infection, 10 

percutaneously-inserted short-term 
noncuffed intravenous devices, 
infection, 10 

Therapy strategies 

antimicrobial therapy, 117-122 
antibiotic lock therapy, 117-118 
systemic antimicrobial therapy, 118-1 19 
microorganism-directed therapy 
aerobic gram-negative bacilli, 
antimicrobial therapy, 105 
Candida species, antimicrobial therapy, 
105-106 

coagulase-negative staphylococcus, 
antimicrobial therapy, 102 
Staphylococcus aureus, antimicrobial 
therapy, 103-104 

Thrombophlebitis, septic, 108. See also specific 
infection, organism 
overview, 4 

Thrombosis, septic. See also specific infection, 
organism 
overview, 4 

Topical anti-infective cream, risk of infection, 

11 

Transparent dressing 
use of, 132 

vs. gauze dressing, risk of infection with, 
compared, 12 

Transplantation, risk of infection with, 1 1 

Treatment strategies, 99-112, 113-126 

bloodstream invasion, etiology of, 100-101 
catheter removal, 114-115 



catheter salvage strategies, 106-107 
antibiotic lock therapy, 107 
central venous catheter infections, 1 14 
colonization, infection, distinguished, 100 
complicated infection, 107-108 
endocarditis, 108 
septic thrombophlebitis, 108 
microorganism-directed therapy, 101-106 
aerobic gram-negative bacilli, 104-105 
aerobic gram-positive bacilli, 104 
Candida species, 105 
coagulase-negative staphylococcus, 
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filamentous fungi, 106 
rapidly growing mycobacteria, 106 
Staphylococcus aureus, 102 
non-tunneled central venous catheter, 
115-116 

quinupristin-dalfopristin, 121 
tunneled central venous catheter, 1 16-1 17 
vancomycin-resistant staphylococci, 121 
Trichosporon beigelii, 101 
Trichosporon species, 101, 106 
Tubing, in infection prevention, 151-152 
Tunnel infection, defined, 3 
Tunneled catheter, 5, 116-117 

noncuffed, rates of infection caused by, 5 
Tunneling non-cuffed central venous catheter, 
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Ultrasound, bedside, in infection preventive 
strategy, 162-163 
Under staffing, impact of, 36 
Urinary catheter insertion, educational 
presentation, 131 

Vancomycin, 122 
Vancomycin aminoglycoside, 122 
Vancomycin resistance, 121, 122 
Vancomycin-sensitive infection, antimicrobial 
therapy, 122 

Washing ofhands, educational information on, 
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